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Far-forward charm production at very high energies

A special kinematic regime: two extreme limits in one observable
e forward rapidity forces small- and large-x dynamics simultaneously
e PDFs probed at extremely small (x < 107%) and large (x > 0.1) momentum fractions

more forward (larger rapidities) — more asymmetric: small x> X large x;
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A reliable description of forward charm production (currently affected by large
uncertainties) and of the neutrinos from its decays is crucial for:
e collider neutrinos — far-forward v at the LHC (FASERv, SNDOLHC) and future

FPF; charm constrained before extrapolation
e prompt atmospheric neutrinos — dominant high-energy QCD background at
E, ~ 105107 GeV for lceCube, KM3NeT, P-ONE 5

— also essential for FCC-hh forward predictions and for indirect Dark Matter searches 2/21
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Forward charm production at LHCb in fixed-target mode

Essentially a large-x regime — only one extreme limit
e lower energy removes the small-x reach: PDFs probed at intermediate
(1073 < x < 10™1) and large (x > 0.1) momentum fractions
e p+A mode: LHCb SMOG/SMOG2 with gas targets: pHe, pNe, pO, pN, pAr
(important for the interactions in the Earth's atmosphere)
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e a clean place to constrain large-x effects (small-x dynamics negligible)

e extra potential effects and mechanisms, enhanced in this regime:
— intrinsic charm in the nucleon
— recombination mechanism

— also essential for constraining hadronization out of the central region
— present models (string fragmentation, cluster models, fragmentation functions)
constrained mainly in central production
— their extrapolation to forward kinematics is largely untested

il
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QCD charm production mechanisms in the forward direction

Standard production mechanism for heavy flavours:
e our default: full ky-factorization with off shell initial state partons
(and/or hybrid for asymmetric large-x/small-x)
e collinear reference baselines:
FONLL (NLO+NLL), aMC@NLO+PS, Pythia 8 (LO+PS)

Extra mechanisms, enhanced at large rapidities (forward or backward regions):

e g*c — gc = the mechanism driven by the intrinsic charm component of proton
calculated in the hybrid approach with off-shell initial state gluon and collinear
intrinsic charm quark

e gq— (¢q)c — D ¢ = the recombination mechanism that takes place before
hadronization (leading-order collinear calculations)

UGDF
=

UGDF

(eq)" = D

g C$
recombination ’
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Charm production driven by the intrinsic charm

What if the proton has a non-perturbative charm content?
Charm quark in the initial state — two origins:
X e perturbative: extrinsic charm (from gluon splitting)
e non-perturbative: intrinsic charm (IC)

e the differential cross section for the cg* — cg:

. dx2
g dopp—s charm(cg™ — cg) :/dX1/7/d2kt
2

X C(le,“z) . ]:g(X2-, ktzv,“z) . d&cg*ﬁcg

c(x1, u?) = collinear charm quark PDF (large-x)
Fe(x2, k2, u?) = off-shell gluon uPDF (small-x)
Numerical setup:

® dbggx_scg = only in the massless limit (also available in KaTie)

e phenomenological regularization at pr — 0 = we adopt the Pythia-like prescription:

2
Fsup(pT) = = +p2 , as(uR + pTo) where prg = 1.5 GeV (free parameter)

e only the intrinsic component is kept: the charm PDF is taken at the initial scale gﬁ
c(x1, u2), po = 1.3 GeV, where the perturbative (extrinsic) charm has not yet been Iy

generated
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The concept of intrinsic charm in the nucleon

Intrinsic charm = a non-perturbative ¢ component, correlated with its valence content

x¢(x,Q), comparison
T CT14nnloIC (Sea-like HS)

e pictures: sea-like vs. valence-like (large-x) 1
,,,,,,,, CT14nnloIC (Sea-like LS)
— — CT14nnloIC (BHPS 3.5%)

e realizations we use:
. ~———— CT14nnloIC (BHPS 1%)
— Brodsky-Hoyer-Peterson-Sakai (BHPS): Q- 141e:00GeV

107

parton-level |uudc€) fluctuation
— Meson-Baryon-Model (MBM):

hadronic (DAc-type) fluctuation
— from CT14nnlolC and CT18FC PDFs
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xc(x,Q), comparison

107 E e an intrinsic component leads to a large
E CT14nnlolC (BHPS 1%) 3 . . )
e CTiamio @o%cl) enhancement of the charm distribution at large
Al Q=1:410:00 Gev ] x (> 0.1) compared to the perturbative charm
10~

e but the absolute probability Pi.:

— is only loosely constrained
— the models do not fix it (theory gap)
— global data constrain it only weakly ‘EE

X (experimental gap)
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Intrinsic charm at high energy (collider/FASER)

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

e FASER at the LHC: forward neutrinos from decays of charm hadrons
(ve, vy from D°, DT and v, from Ds)
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o |C enhances forward charm at |y| > 6 (right in the FASER acceptance) gﬁ
e the pr distribution is visibly enhanced (at large pr by a factor of 10) D
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Intrinsic charm at lower energy (fixed-target)

Same study, lower energy:

e Fixed-target LHCb mode: (D-meson production)
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at lower energy, intrinsic charm shows up already at |y| > 1

in fixed-target kinematics the large-x IC contribution becomes
sizable already within the LHCb acceptance I
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The cg-recombination mechanism of charm production

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

q e short-distance process (in contrast with fragmentation)
(cq)" = D e (Eq)": q has small momentum in the E rest frame

e g and C are in a state with definite color and angular
momentum quantum numbers specified by n

e direct meson: gg — Dc and §g — D&

g c . .
e subsequent fragmentation of the associated c-quark

the differential cross section for gg — D¢ mechanism:

do 1 P e —
- = x1q1(x1, 1°) x282(x2, M 5.(s, t, u)|?
Badvadion Ten2gz aala 12) x282(x2, 1) M, 5. (s, t, u)|
+ Xlgl(XLuz)XZqZ(X27u2)Ing~>Dc(S= t, u)‘2]
L |/\/lqg~>Dc(5> t, u)l - I“ngﬁ (eq)c ‘2 P
o | Mge_s(zqyncl® = explicit form of the matrix element squared available
e p can be interpreted as a probability to form real meson gﬁ
= can be extracted from experimental data 5
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The cg-recombination mechanism of charm production
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Charm-anticharm asymmetry in fixed-target data

Recombination is enhanced in the forward / backward region — where the charm quark
recombines with valence partons of the projectile or target
e just like intrinsic charm: at lower /s the large-x recombination region shifts to
smaller rapidity, within the LHCb acceptance
e recombination leads to a sizeable D/D production asymmetry driven by the
proton’s u/i, d/d asymmetry
e such an asymmetry has been measured by LHCb in pNe fixed-target at
\/Snv = 68.5 GeV (EPJC 83 (2023) 541)
< a good observable to constrain p and maybe to disentangle recombination
contribution from intrinsic charm
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Fixed-target open charm data
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LHCb fixed-target charm vs FONLL

Some problems with understanding the LHCb fixed-target open charm data
e baseline: FONLL (fixed-order NLO + NLL) + Fragmentation Function (FF)
e data: pHe — (D° + D°)X at /syy = 86.6 GeV
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e fails for the pr spectrum: the data points far above the prediction at large pr

e in rapidity, only the upper edge of the theory band reaches the data gﬁ
5

e even spanning all uncertainties (charm mass, pugr/ur scales, PDFs, fragmentation),
the band does not cover the data
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LHCb fixed-target charm vs kr-factorization

Some problems with understanding the LHCb fixed-target open charm data
o baseline: kr-factorization (LO + CCFM uPDF) + Fragmentation Function (FF)
e data: pNe — (D° + D°)X at /syy = 68.5 GeV

[ 10°
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o fails at large pr and backward rapidities
e the FF procedure is limited in forward production and at low pt
(e.g. the usual midrapidity approximation y. = yp is not valid here)
e our update: fragmentation performed in the parton-parton c.m.s. (solid), not the
overall pp c.m.s. (dashed) = a visible sensitivity to the FF details gﬁ
e even with this update, fragmentation remains the most uncertain ingredient of »

the model (to be treated with caution)
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LHCb fixed-target charm vs Pythia 8

Some problems with understanding the LHCb fixed-target open charm data
e baseline: Pythia 8 (LO + PS) + default hadronization
e data: pNe — (D° + D%)X at /syy = 68.5 GeV

T

do/dy

10° T T T T T3 O e e e
FLHCb: pNe - (D°+ Bd)x Sun = 68.5 GeV ] = [LHCo:pNe - (Dd+ D% X
[ ] s [
= [ m=15GeV (solid) 1 L el 3
S 1 o E E
5 m, = 1.3 GeV (dashed) =3 E q
Rl E § F 1
E E 10l -
< ] o "k E
o ] Q E m, = 1.5 GeV (solid)
= ] 8 m, = 1.3 GeV (dashed)
= F

do/dp

Pythiad: SoftQCD (pp-mode) | | , , | .,
= S5 -1 05

v P

Pythia8: SotQCD (pp-mode) ) ) )
1 2 3 4 5 6 7

2

[GeV]

e underestimates the data in rapidity (over the whole range) and at small pr
e shown for two charm masses, mc = 1.5 GeV (solid) and 1.3 GeV (dashed)
e a default (central-production) tune: string hadronization and colour reconnection
not constrained in the forward region
e dedicated forward physics tunes needed Iy
(some first attempts done only very recently in Phys.Rev.D 109 (2024) 1, 016010)
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LHCb fixed-target charm vs aMCONLO + PS

Some problems with understanding the LHCb fixed-target open charm data
o baseline: aMC@NLO+PS + default hadronization (Pythia 8)
e data: pNe — (D° + D°)X at /syy = 68.5 GeV
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= F =
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107,
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e the most complete standard approach
(NLO matrix element + shower + hadronization)

e with mc = 1.3 GeV (dashed) the data are described markedly better but this is
effectively an upper limit

e for the standard m. = 1.5 GeV (solid) the description is clearly worse

o all results use the default colour-reconnection (CR) model (MPIl-based); significant »

progress in this area has been made recently
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Improving hadronization: aMC@NLO+PS with QCD-CR

Beyond the default colour reconnection: QCD-CR

e partons produced in perturbative scatterings are colour connected; P P

e assuming nature prefers minimization of the net string length, the
colour dipoles interact with each other at colour reconnection stage l r———

e at this stage, colour dipoles rearrange to shorter dipoles with a
probability of 1/9 (default CR)

. . . . . P o
e new configurations (junctions) allowed in a QCD colour-algebra based ===~ > <
CR and they have additional contributions to baryon production L
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= E|
> 1 E E
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3 f S E
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aMC@NLO + Pythia8 (ppmode, m_ = 1.3 GeV), L[ ,BMC@NLO + Pythiag (pp-mode, m =1.3GeV) i
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e QCD-CR shifts charm from mesons into baryons (junction effect) = the D-meson

yield drops visibly below the data (even for aMC@ONLO+PS, m. = 1.3 GeV)

a more advanced hadronization model redistributes charm iy
e the charm meson deficit points to a need of forward tune or to a missing

production mechanisms (or both) 16/21
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How to improve description of the data?

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

r T T T T = = 10 T T R T 5
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G 102 CT14nnlo(IC) PDF - 8 € + IC BHPS 1.0% (dashed)
= E = 5 cC + IC BHPS 2.1% (long-dashed)
£ F E 5
S . 1 £ g Py =20 GeV
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10 | T — =] E
-c>,‘ F G only (solid) E Emc:ISGeV TR R
g | i T B S
B o _ - o q = E CT14nnlo(IC) PDF
1 fkT-factonzau‘on. g'g] - cc1 cC + \F BHPS 2.1 Al(long'dashedli _8 10 fkrrlaclolrizahon‘ q~g- - ) 1‘0‘ o' - og (hybrﬂd modef]
_____ = -
> 2F E E
T | I
£l6 —e—— 2
%5 2 =5 = 05 0 3 7
v
e improvement strongly dependent on the P;. parameter
e CT14nnlolC PDF + old fragmentation procedure gﬁ
e Pj. ~1.65% (upper limit) Iy
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How to improve description of the data?

e Mixed scenario: |IC (dash-dotted) + 10% recombination (dashed)

e recombination contributes mostly at small tranvserse momenta and is especially
important for the most backward rapidity bin
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e new fragmentation procedure (parton-parton c.m.s.)
e CT18FC: BHPS and MBM (both models lead to very similar distributions)

e Pic ~ 0.5% (upper limit) gﬁ
5
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Charm asymmetry
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. LHCb fixed-target at /s = 68.5 GeV

e BHPS3: symmetric c=¢
e MBMC/MBME: asymmetric ¢ # ¢ = may lead to D/D production asymmetry
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e backward rapidity region and small-p7: the asymmetry well described by the
recombination (the asymmetric IC does not change the situation here)

e the asymmetry at larger pr's: cannot be described by the recombination

e asymmetric IC generates the D/D asymmetry at large-p1, however, the effect is to
small to describe the data points gﬁ
5
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Charm asymmetry
oce

D/D asymmetry: LHCb fixed-target at /s = 68.5 GeV

e Colour reconnection (QCD-CR) does influence the asymmetry
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< o1 3 < o =
I +i 5§ o E
£ E = ] € ]
Er il Ef ]
g o1 —T— - g -0 =
c E ] c £ ]
§ E ] S F
3 F ] 3 E ]
3 -o2F = g 02 ]
g £ 1 8 E ]
[ E ] I F : ]
ook aMC@NLO + Pythig8 (pp-mode, m_ = 1.3 GeV) ] __[F.aMC@NLO + Pythiag (pp-mode, m 7 13GeV) ]
g 2 5 E . 1 2 3 4 5 6 7

5 [GeV]

e including QCD-CR (SC-CR, dashed/dotted) has a clear effect on the asymmetry
— it moves the predictions closer to the LHCb data

e fully accounts for the asymmetry at large pr, but not enough at backward
rapidities (most negative y* bin still missed)
< points to a possible coexistence of all three effects — recombination, intrinsic
charm and QCD-CR (work in progress)

il
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Summary
°

Conclusions

We have shown that intrinsic charm and recombination can be extremely important for
forward charm production at energies much lower than the nominal LHC energies:

D mesons at the fixed-target LHCb experiment
@ a scenario is proposed in which the intrinsic charm contribution is needed to describe
the data points in the backward direction and at larger pr
an upper limit on the intrinsic charm probability Pic (= 0.5%) with CT18FC
still room for the recombination mechanism (= 10%)
the recombination probability extracted from the D/D production asymmetry
the D/D asymmetry in the backward region and at small transverse momenta is well
described by the recombination mechanism
the asymmetry at larger transverse momenta is described neither by the
recombination mechanism nor by the asymmetric intrinsic charm
@ the inclusion of QCD colour reconnection accounts for the large-p1 asymmetry,
though it remains insufficient at backward rapidities

— most likely a coexistence of intrinsic charm, recombination and QCD-CR

(work in progress) gﬁ
5

Thank You!
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The kr-factorization approach

———<  off-shell initial state partons =
E I initial transverse momenta explicitly included ky ¢, ka,¢ # 0
Ty 002 @ 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 B / d?kys d?ko, 1 Mo
dy1dy2d2py cd2pa; ™ T 16m2(xixps)? | €& Q0

x 62 (El,t + Ez,t - 51,t - 52,1*) —Fg(XL kit,,u,) ]:g(Xz-, k221t7;1,)
@ the LO off-shell matrix elements |[M,. ., o5l? available (analytic form)
@ the 2 — 3 and 2 — 4 real emissions (tree-level, KaTie MC)
@ F,(x,kZ2,11): transverse momentum dependent; unintegrated PDFs (uPDFs/UGDFs)

pair creation flavour excitation gluon splitting
@ part of higher-order (real) gﬁ
corrections is partially iy

with gluon emission
9
included in uPDF

hard scattering

hard scattering

final state radiation
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The quark to meson transition

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

The independent parton fragmentation picture:
@ the charmed meson xg-distributions at large xr can be obtained from the charm
quark/antiquark xg-distributions as:

M_/lfw
X

D )
dxr 2 dxg —0(2)

F

@ 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

P =] @ ¢ — D: Peterson(z), ¢ = 0.05
11DDE +te—
PO varkonia (well known from ete™ data)
Q=cb @ np=nc, xp=z-xf, z€(0,1)
Q=2cb @ fragmentation fractions well known
== D, B meson (Particle Data Group)
=== A, \} baryon ’

<
z

REMNANTS
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Forward charm production at the LHCb in collider mode

Open charm LHCb data in pp-scattering at /s =7, 13 TeV:

Oiﬂ:ﬁ:&’:&uwpw E-;ITC%VW Detector acceptance: 2.0 < y < 4.5 and 0 < p7r < 8 GeV

@ inclusive D-meson spectra and DD-pair correlation
observables (Mjn,, Ap, pr-pair)

@ longitudinal momentum fractions probed:
1073 < x; <1071 and 1075 < x, < 1073

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

log, ,(x))

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

correct shapes of the correlation observables

T I T
Fpp - DD°X E:7TeV;
T | KMR-CT14o (dotted) LHCb data |
S [ KMR-MMHT2014lo (solid) 2<y<4]
'g_ || KMR-MMHT2014nnio (dashed) 3<p, <12GeV ]
g 107
kel
B
©
°
f: —
T <45 ]
.\ MR MMHT2014l0 uPDFs | Peterspn FF o k,—!a;:lenza}van +Peterson FF | g'g: oG ith >  ingluded
1 2 3 4 6 7 01 02 03 04 6 07 0. 0.9
P, (GeV) pol/m gﬁ
@ ky-factorization works very well in the collider mode (high energy, small-x) iy

— validated here = used as the baseline for the lower-energy fixed-target studies
4/11
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Intrinsic charm at the LHC and beyo

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

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

10 H ™ 108,\\\\‘\\\\‘\\\\‘\\\\‘\H\‘H\\‘\\H@\v—t‘uu‘uu:
F @ Vs \é E TeV3
10° -standard: k. -fact. g*g*+ q'q* ~ cC (dotted) 107 | standard: k-fact. g*g*+ q*G* — cC (dotted)
E IC: hybrid g*c — gc and cg* — cg (dashed) E IC: hybrid g*c — gc (dashed)
- standard + IC (solid) ; F standard + IC (solid)
e © ol ]
g f o
= 10 2 E
> [ - = 10
e} s E
8" g
F = 10
100 8 3
10° ; 10° Lrcc: y,>75
E off-skiell gluon/quark: KMR-CT14lo uPDF E off-shell gluon/quark: KMR-CT14lo uPDF
[ of e CTHmioGPeF ot vt BGMEHP% L DT T PR e O I L
-10 -5 0 10
y of charm quark charm quark p_ [GeV]
@ the intrinsic charm important at |y| > 7 gﬁ
@ transverse momentum distribution visibly enhanced iy
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Intrinsic charm at the LHC and beyo

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

@ SHIP/DsTau at the SPS CERN at /s = 27.4 GeV (dedicated to a measurement of
forward v~ neutrinos originating from semileptonic decavs of D< mesons)

““\““\““\‘“‘\““\““ﬁ““‘}—“"2““G““*

standard: k,-fact. g*g*+ q‘g* - cC (dotted)
E IC: hybrid g*c - gc (dashed)
F standard + IC (solid)

10° E 10°

e o o e e e e
pp @ Vs =27

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

E IC: hybrid g*c — gcand cg* — cg (dashed)

[ standard + IC (solid)

2
il

[nb/GeV]

o) E
€ wop g
> F E 10°E
R i 1 E
B 10 o F
° T el

F E B E

u 1 8 3

2
—~rr

fr

HIP:y_>1.0

1 H
[ off-shll glupr/quark: KMT,ETmlo uPDF by ; E off-shell gluon/qualk KMR-CT14lo uPDF
[ mindic charm: CTt4pfolC PDF at =13 GeV B‘“&S " b intringic charm: CT14nnlolC PDF at y=1.3 GeV (BHPS 1%). =
TR A N A - 1““ﬁ““'5‘ mm\m\mmmmwmmm
-4 -3 - 2 3
y of charm quark charm quark p_ [GeV]

@ at the lower energy = the intrinsic charm important in the whole rapidity spectrum gﬁ
5

@ transverse momentum distribution visibly enhanced
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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 F 1
2 [ .. ]
O, . 1C-59 l NS =
> Conventional N 3
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 irvw 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 Pj. gﬁ
@ linear QCD dynamics = P;. < 1.5% d ]
@ similar to the central CT14nnlolC PDF set
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Fixed-target charm data at /s = 38.7 GeV: 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 102 A L s e
FPp- scattering @ \F 38 7 GeV LEBC- MPS data i EPp- scattenng @ \F 38.7 Ge\) LEBé MPS data*
I\ g°g — cC (dotted) : g°g" - cC (dotted) ]

g*c - gc (dashed) ; g’c - gc (dashed) B
g'g+g’c(solid) _| 8 1o g*g* + g*c (solid)
E 3 B
] 3 O
i we
Q
E R
7 [} E
1 ° Fp,,=20Gev
-k -factorization (hybrid) miodel R -k -factorization (hybrid) model —~_
[-off-shell gluon: JH2013set2 GCFM uPDF N [-off-shell gluon: JH2013set2 CCFM uPDF —~
on-shell chamr CT14nnlolC PDF (BHPS 1%) on-shell charrv CTMnn\OIC PDF (BHPS |%'
B il il ol R BRI VI B ek \ i SRR RN |
1 0.2 . 0.4 0. 1 3 4 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 iy
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FASERv2: Far-forward neutrino fluxes

Eop'stattbring @ Is'=13TéV ™ " " T 7777

ybrid model: KS-linear uPDF

Fop'stditering@ Vs=13T&V """ T 77T T S8

hybrid model: KS-linear uPDF

Neutrinos [1/bin]
Neutrinos [1/bin]

-meson: ED-meson:
Fo*c — gc: IC BHPS[1%] (solid) Fo'c - gc: IC BHPS[1%] (solid)
107 Eg*g — c (dashed) 107 k8" — cc (dashed)
Edq - D: direct p=10% (long dash-dotted) ) Edq - Dc: direct p=10% (long dash-dotted) p o
[99 - Po; fagment; c-P (ong dashed) | | | T"°9 Foa - Do frgment - ono dashed) |\, [0 (99
15 2 25 15 2 25 3 35
|Og10(EV) [GeV] IOQm(Ev) [GeV]

Semileptonic decays of D° D+ A: = source of ve, vy,
@ E, > 100 GeV = intrinsic charm and recombination
larger than standard mechanism
@ both IC and recombination of similar size
@ v, large backgrounds from m and K
= IC and recombination completely covered even at large energies gﬁ
5

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

p-scattering @ 1s = 13 TeV h,>8.
brid model: KS-linear uPDF

-m  m=15GeV 9q - De: fragment. ¢ D (long dashed)
(©, v = 0.05 4 — D direct p=10% (long dash-dotted)

RECT+CHAIN decays g'g — € (dashed)
. =150 fb™ g*c - gc: IC BHPS[1%] (solid)

Neutrinos [1/bin]

PRI AT MO MTTOTy MRS 1 MMV

==
5 2 25 3 35

log, (E)  [GeV]

D} meson decays = dominant source of v,

direct D} — 7%v; and chain Df — 77 — 7, decays

no background from light mesons due to limited phase space
for 7 production in the Ds decay

s(x) < uya(x), dyai(x) = recombination reduced gﬁ
E, > 100 GeV = intrinsic charm larger than standard mechanism Iy
flux dominated by intrinsic charm
optimal to pin down the IC contribution in the nucleon 10/11
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What if we go to even lower energies?

k-factorization:

standard QCD mechanism

Vs =8GeV
g'g* - cC

hybrid model:
intrinsic charm BHPS 1%
0 3

(s =8GeV
gd«D1c

recombination mechanism: p = 10%

107

10?
102
10° 107
B e e rae e U T TR ¥ R FR B e e rae e U
log,,(x,) log,(x,) log,,(x,)
probing of parton distributions at very large-x
T T T T T T T |
DD T X 28 GeVd .
pp B+ D)+ s the cross section = tens of nanobarns
_. gc: BHPS 1% intrinsic charm (red solid)
9 - Doirecombination p = 10% (Bl dashec) different production mechanisms = both intrinsic
charm and recombination sizeable
WARNING: large uncertainties from the perturbative
. calculations (different approaches, charm quark mass,
. . . .
g - co ks Y scales) and from non-perturbative hadronization
102 Ef%‘&'sg”m o Y (differences in charm hadronization in pp and et
MRW-CT14lo uPDF y . . .
T e A/D enhancement; hadronization in central

Xe

regions and in forward directions, etc.) ]

S1S100 (CBM, NuStar) can contribute?
11/11
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