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ANALYSIS MOTIVATION
~

the highest order for charm today

v Total charm cross section measurements can be compared with NNLO QCD theory

» measured fiducial cross section should be extrapolated using a theory/model

- so far based on fragmentation universality assumption

- recent LHC data: charm fragmentation non-universal! |
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- a theory-inspired extrapolation function derived for pp data
(arXiv:2311.07523 & arXiv:2406.03581)

- used to extrapolate CMS+LHCb data at 7 TeV (refer to CMS talk, Y.Yang)

- can be used to constrain e.g., m_. and low x of PDFs
- refer to an example today

Y. Yang,
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STRONG INTERACTIONS | NEWS 28 JIJ'V 2021, CET:\W\J COURIER
Charm breaks fragmentation universality

28 July 2021

A report from the ALICE experiment

The study of heavy-flavour hadron production in proton—proton (pp) collisions provides
an important test for quantum chromodynamics (QCD) calculations. Heavy-flavour
hadron production is usually computed with perturbative—QCD (pQCD) calculations as
the convolution of the parton distribution functions (PDFs) of the incoming protons, the
partonic cross section and the fragmentation functions that describe the transition from
charm quarks into charm hadrons. The latter are typically parametrised from
measurements performed in ee” or ep collisions, under the assumption that the
hadronisation of charm quarks into charm hadrons is a universal process that is

independent of the colliding systems.

The assumption that charm-to-hadron
fragmentation is universal is not valid

The large data samples collected during Run 2 of the LHC at Vs = 5.02 TeV allowed the
ALICE collaboration measure the vast majority of charm quarks produced in the pp
collisions by reconstructing the decays of the ground-state charm hadrons, measuring
all the charm-meson species and the most abundant charm baryons (A.", and Z.°7)
down to very low transverse momenta. The result was presented today at the European

Physical Society conference on high-energy physics (EPS-HEP 2021).
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https://cerncourier.com/a/charm-breaks-fragmentation-universality/
https://indico.cern.ch/event/1291157/contributions/5876619/

UNIVERSALITY ASSUMPTION OF CHARM FRAGMENTATION

v To extrapolate measured fiducial cross sections, experimental inputs required for fragmentation
- charm fragmentation fraction: probability of charm to fragment into a hadron state in full phase space

> |.e., fraction of total hadronic cross section to total charm cross section

- measurements from e e~ /ep collisions (f}7") showed no significant differences
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- charm fragmentation assumed so far to be universal, i.e., independent of collision systems and kinematic space
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MESON-TO-MESON AND BARYON-TO-BARYON

v Recent LHC data: “no significant dependence on collision systems and kinematic space”

Hadronic cross section ratios as a function of pr
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FRAGMENTATION NON-UNIVERSALITY

v pp data of baryon-to-meson shows clear p; dependence
>~ much larger at low p;and asymptotically close at high pto e.g., ete™ data

- results ~ 5o difference on fragmentation fraction compared to e e ~/ep collisions
v Charm fragmentation non-universal for different collision systems

> should be treated properly for pp datal
(e.g., total charm cross section significantly underestimated with universality assumption)
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DATta-DRIVEN FONLL,

» the highest order prediction of differential cross section for charm
v FONLL modified to extrapolate pp data

FONLL (NLO+NLL QCD theory) Data-driven FONLL (ddFONLL)

based on fragmentation universality assumption without the need to assume
ase g Y y assump any particular non-universal fragmentation model

| “pr dependent production fraction”
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f DerINED FOR DATA-DRIVEN FONLL

v prdependent production fraction (fHC) introduced to account for charm fragmentation non-universality, totally based on data
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PARAMETRISATION FOR pp DATA

v ddFONLL introduced for all weakly decaying ground states including D ** produced in collisions
PP

- ddFONLL with a part of uncertainties gives reasonable description for both meson and baryon data
> e.g., all baryon states cannot be described by any other theory/model yet
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https://lpsc-indico.in2p3.fr/event/3268/contributions/7343/

TOTAL DO CROSS SECTION EXN: 2308.04877 & arXiv:1510.01 707} [refer to BackUp slide for 5 TeV results
v 13 TeV prompt D" data from ALICE and LHCb extrapolated using ddFONLL 7
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» ddFONLL gives good descriptions for data overall in full kinematic range (consistent with assumption of rapidity independence)

v Opo = Aag%ta(measured phase space) + AGSE}F ONLL(unmeasured phase space)
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ToraL. CHARM CROSS SECTION
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Torar CHarm Cross SECTION MEASUREMENT AS A FUNCTION OF p AND BEYOND mina™y

)
Very Y
v Total charm cross section measured as a function of 4/ s for the first time with non-universal fragmentation
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https://indico.cern.ch/event/1291157/contributions/5876619/

SUMMARY

v Data-driven FONLL (ddFONLL) was introduced to extrapolate pp data
» based on LHC data without the need to assume any particular non-universal fragmentation model

- by construction, can describe all weakly decaying ground states including D **

v Total charm cross section measured as a function of p; for the first time with non-universal fragmentation

. covered from 5 to 13 TeV with prompt D and D ** data from ALICE, CMS and LHCb
* measurements show good agreement with NNLO QCD theory

- preliminary result of constraint on e.g., m_. was shown using part of data
> can be improved further with additional data including measurement at 0.9 TeV
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BARYON-TO-BARYON RATIO AS A FUNCTION OF p- e 508 Oag

v No direct measurement of baryon-to-baryon f(c—=he) pp, /s =5.02TeV (%) pp, /s = 13 TeV (%)
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SYSTEMATIC UNCERTAINTY FOR ASSUMPTION 1

v With much better precision, significant p- dependence v One-sided uncertainty assigned to account for possible

observed meson-to-meson ratios in beauty production P dependent ratios of D;r to other mesons
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D ** 10 DY RaTio

v pp data and FONLL predictions (based on fragmentation universality assumption) show agreement in D *% /D"
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* N0 need of pr correction relative to universality assumption
- possible p dependence taken care of by using free g in )(2 fit
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