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Outline

» Measurements of non-prompt and prompt D mesons at midrapidity in
pp collisions at /s = 5.02 TeV

» Production and hadronisation of beauty and charm quarks

> Paper recently submitted for publication » arXiv:2102.13601
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https://arxiv.org/abs/2102.13601

Heavy flavours in proton-proton collisions

> Heavy flavours (c and b quarks) produced in hadronic collisions from hard-scattering processes

» Production described with perturbative QCD
calculations based on the factorisation theorem

Ohh—ith = PDF(Xa, QQ) PDF (xv, QQ) ® Cab—oqg @

Parton distribution functions (non perturbative)
Partonic cross section (perturbative)
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Heavy flavours in proton-proton collisions w

» ALICE provides precise measurements of heavy flavours down to low pr and at midrapidity where
the bulk of the production is located
PLB 804 (2020) 135377
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https://www.sciencedirect.com/science/article/pii/S0370269320301817

Heavy flavours in proton-proton collisions

o

» ALICE provides precise measurements of heavy flavours down to low pr and at midrapidity where
the bulk of the production is located

arXiv:2011.06079
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https://arxiv.org/abs/2011.06079
https://link.springer.com/article/10.1140/epjc/s10052-014-3250-3

Heavy flavours in proton-proton collisions )

» ALICE provides precise measurements of heavy flavours down to low pr and at midrapidity where
the bulk of the production is located

JHEP 10 (2018) 174
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https://link.springer.com/article/10.1007/JHEP10(2018)174

Beauty production and hadronisation at the LHC

CMS, PLB 780 (2018) 251
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> Beauty-quark production and hadronisation well studied at the LHC with many interesting
measurements performed over the years
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https://link.springer.com/article/10.1007%2FJHEP10%282013%29042
https://www.sciencedirect.com/science/article/pii/S0370269318301357
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

Beauty production and hadronisation at the LHC

PLB 721 (2013) 13-23
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» ALICE measurements complementary to other experiments observations in terms of rapidity
interval, center-of-mass energy, low-pr reach and particle species
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https://www.sciencedirect.com/science/article/pii/S0370269313001275
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.055204

Collider

Time Projection Chamber
— Track reconstruction

— Particle identification (PID)
via specific energy loss

Inner Tracking System
— Tracking

— Reconstruction of primary
and decay vertices

Time of Flight detector
— PID with time-of-flight

— Trigger and event selection
measurement

V0 detectors ]

Data sample
— pp collisions at /s = 5.02 TeV
— ~ 990M minimum-bias events
— Lint = (19.34£0.4) nb™ !
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D-meson reconstruction %

ALICE

P.A. Zyla et al. (PDG) PTEP 2020 8, 083C01 (2020)
DY DT and DI mesons are measured via their hadronic decays

Meson M (GeV/c?) cr (um) Decay BR (%) » ALICE able to reconstruct all decay
D’ (ca) ~ 1.865 ~ 123 Kont ~3.95 products and resolve the secondary
D" (cd) ~ 1.870 ~ 312 Knfnt ~9.38 vertex SV from the primary one PV
D! (c5)  ~1.968 ~151 (oK K')rt  ~224

» Candidates from pairs/triplets of tracks at midrapidity
(In] < 0.8) with proper charge-sign combination

> To reduce the combinatorial background
— particle identification of decay tracks
— geometrical and kinematic selections based on displaced
decay-vertex topology
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https://academic.oup.com/ptep/article/2020/8/083C01/5891211

D-meson reconstruction -

P.A. Zyla et al. (PDG) PTEP 2020 8, 083C01 (2020)
DY DT and DI mesons are measured via their hadronic decays

Meson M (GeV/c?) cr (um) Decay BR (%) » ALICE able to reconstruct all decay
D (ci) ~ 1.865 ~ 123 K at ~ 3.95 products

D* (cd) ~ 1.870 ~ 312 K ntrt ~9.38

DY (c3) ~ 1.968 ~151  ¢(— K K )r™  ~224

¢ EPJC 79 388 (2019)
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https://academic.oup.com/ptep/article/2020/8/083C01/5891211
https://link.springer.com/article/10.1140/epjc/s10052-019-6873-6

Prompt and non-prompt D mesons o

ALICE

P.A. Zyla et al. (PDG) PTEP 2020 8, 083C01 (2020)
» D mesons

— Prompt, from charm-quark hadronisation or excited charm-hadron decays
— Non-prompt, from beauty-hadron decays

» Non-prompt D mesons > beauty-quark production and
hadronisation

— different B-meson contributions for each D species

from B from B from B!

non-prompt D°  ~ 40% ~ 60% -

non-prompt DT~ 75% ~ 25% -

non-prompt D7~ 25% ~ 20% ~ 55%

(PDG BRs and FFs from Z — bb decays,
contributions from baryons negligible)

Non-prompt D
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https://academic.oup.com/ptep/article/2020/8/083C01/5891211

Prompt and non-prompt D mesons o

ALICE

P.A. Zyla et al. (PDG) PTEP 2020 8, 083C01 (2020)
» D mesons

— Prompt, from charm-quark hadronisation or excited charm-hadron decays
— Non-prompt, from beauty-hadron decays

> Possible to separate prompt and non-prompt D mesons
— beauty hadrons have c7 ~ 500 um
— non-prompt D on average more displaced from the
interaction vertex

— different topology and kinematic features
Non-prompt D
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https://academic.oup.com/ptep/article/2020/8/083C01/5891211

Analysis strategy

» D-meson candidate selection based on machine-learning (ML) techniques

— loose linear selections on geometrical, kinematic and PID quantities applied for data reduction

Raw yields

lection efficienci -
— fit to candidate Selection efficiencies Prompt/non-prompt fraction
. . — Monte Carlo .
invariant-mass . . — data-driven approach
simulations

distributions

Results
— pr-differential cross sections
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Analysis tools — Supervised machine learning

Training
» Supervised ML models "learn” to make CHE)

predictions from a set of examples, where the Machine

correct classification is known learning
algorithm

> They can perform more complex selections
w.r.t. the linear selections traditionally used m

» To train the model a training set is needed. It is built from

— Monte Carlo productions » prompt and non-prompt D mesons
— data collected by the experiment » combinatorial background from sidebands of invariant-mass
distribution

> After the training, the ML model is used to predict the class of unknown particle candidates
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Analysis tools — Multi-class classification

> Multi-class Boosted Decision Trees (BDT) employed to separate prompt D mesons, non-prompt
D mesons and combinatorial background
— different BDTs for D°, DT and DI mesons and for different transverse-momentum (pr) intervals

B e e K K KRR AN
-f‘:_’ 1L ALICE Performance |
S F] ppVs=5.02TeV E > . ] . . . .
& b B et - KK and charge con ] BDT mput.. .cand|date kinematic, geometrical and
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©
§1of1; - » BDT output: 3 scores related to the candidate
= r ] probability to be prompt, non-prompt and
F 1 background
1072 E
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Non-prompt D mesons — Selection efficiencies
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» Non-prompt D-meson measurements - selections on BDT scores tuned to suppress the prompt
contribution and enhance the non-prompt one in the raw yields
> Prompt efficiencies smaller by a factor ~ 5 — 700 depending on the species and pr
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Non-prompt D mesons — Raw-yield extraction

100, ALICE
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» DO DT and DY yields extracted from fit to the invariant-mass distributions of particle candidates

» Enhanced fraction of non-prompt D mesons in the raw yields » estimated with a data-driven

approach
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Data-driven estimation of non-prompt fraction
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Data-driven estimation of non-prompt fraction
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Data-driven estimation of non-prompt fraction
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Prompt D" and D/ mesons — Raw-yield extraction
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> Selections on BDT scores tuned to reject combinatorial background and non-prompt D mesons

» Measurements extended to lower pt and total uncertainties reduced of ~ 5 — 40% w.r.t.
previously published results based on linear selections (EPJC 79 388 (2019))
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https://link.springer.com/article/10.1140/epjc/s10052-019-6873-6

Prompt D* and D mesons — Prompt fraction
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» Data-driven approach not feasible in all the measured pr intervals » prompt fraction from
theory-driven method based on FONLL predictions for beauty-hadron production

» Good agreement with the data-driven approach where the comparison is possible
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Results — Cross sections
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Results — Non-prompt over prompt ratios

Prompt D°: EPJC 79 388 (2019)
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Comparison with pQCD calculations

FONLL: M. Cacciari et al. JHEP 1210 137 (2012) PYTHIAS8: T. Sjéstrand et al. JHEP 05 026 (2006)  GM-VFNS: G. Kramer et al., Nucl. Phys. B 925 415-430 (2017)

D-meson measurements compared with pQCD calculations at next-to-leading-order with

next-to-leading log resummation

» FONLL

me = 1.5 GeV/c? and my, = 4.75 GeV/c?

CTEQ6.6 PDFs

Prompt D > f(c — D) from LEP average, DI not available

Non-prompt D > f(b — Hy,) from e"e™ and PYTHIAS8 for Hy, — D + X decay kinematics and BRs

» GM-VFNS

30/03/2021

me = 1.3 GeV/c? and my, = 4.5 GeV/c?
CTEQ14 PDFs
Prompt D » f(c — D) from e
Non-prompt D

Te~ measurements

— ‘single step’ with b — D + X FFs from e"e™ (T. Kneesch et al. Nucl. Phys. B 799 34-59)
— ‘double step’ with f(b — Hy,) and Hi, — D + X decays (P. Bolzoni et al. J. Phys. G 41 075006)

F. Catalano (PoliTo and INFN)

25


https://www.sciencedirect.com/science/article/abs/pii/S0550321308001363
https://iopscience.iop.org/article/10.1088/0954-3899/41/7/075006
https://link.springer.com/article/10.1007/JHEP10(2012)137
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Prompt I)O’ EPJC 79 388 (2019) FONLL: M. Cacciari et al. JHEP 1210 137 (2012) PYTHIA8: T. Sjostrand et al. JHEP 05 026 (2006)
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103% +0.8% BR unc. not shown E| 103% +3.6% BR unc. not shown 3 FONLL CalCUlathnS dOWn to
T I I AR - e - e e e e el
R ERHHHAHHHHH R
mgs E o | low PT
©[3 2 E L ]
O|g E T — — [ ]
e slg | {E» i
B 58 I ]
— 2F B £ 1 —
88 | eaenepat DO i D+ |
O|g El r s ]
AN IR AFRIFINN ISP SR BTN IR T P S T T T ]
10 15 2 25 30 35 2 4 6 8 10 12 14 16 18 20 22 24
P, (GeV/c) P, (GeV/c)

» Prompt D° mesons on FONLL upper edge. Non-prompt D compatible with central values
- f(c — D) and f(b — Hy) fragmentation fractions (FFs) from e"e™ measurements
— non-prompt D mesons » PYTHIAS8 to describe H, — D + X decays
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https://link.springer.com/article/10.1140/epjc/s10052-019-6873-6
https://link.springer.com/article/10.1007/JHEP10(2012)137
https://iopscience.iop.org/article/10.1088/1126-6708/2006/05/026

Prompt DO: EPJC 79 388 (2019) GM-VFNS: G. Kramer et al, Nucl. Phys. B 925 415-430 T. Kneesch et al. Nucl. Phys. B 799 34-59 P. Bolzoni et al. J. Phys. G 41 075006

T T T T O AR A R R R R R AN AR R AR RS
<05 4 < ok A'—'FE v <05
Prompt D° E| > E pp, s =5.02 TeV |
- Data 3 [CapTEIN Prompt D}
GM-VFNS 3 g F . Data
Non-prompt O 4 2 GM-VFNS
« Data 3 ~ . +
GM-VFNS b - D 3 = . Non-prompt D;
GMAVFNSb ~H, -0 3 g - NS
b B F — .
) ] RS- » GM-VFNS calculations
3 £ e
e — . L -
3 102 N
e o & g describe within uncertainties
b 107 = 22.1% 1 tsh
s of b E 3w R une notshoun E the prompt D-meson
1K) -
&S 2 3 -
OlE em—— o 3F E measurements
| | ! ! | ’ | S5 oF g E
T T T T T T T [ §e} &
g@mi E OlE 1,$ e
g 5F  Pewge ) E miu}:H}:H}H:}H:}H:}m}m}m}m}m}:[
| | | =
— 3 T T T T T T T Eg +
| @ ©| o 4
=8 2F oo Fese -+ D
L Sl D° o :
z . . R 24 6 8 10 12 14 16 18 20 22 24
5 10 15 20 30 35
Py (GeVic) P, (GeV/c)

» Non-prompt D mesons constrain the non-perturbative terms of the factorisation theorem
— approach using FFs for b — D + X from e"e™ measurements underestimate the measurements
— better description with separate b — Hj, fragmentation and Hy, — D + X decay kinematics
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https://www.sciencedirect.com/science/article/pii/S0550321317303462
https://www.sciencedirect.com/science/article/abs/pii/S0550321308001363
https://iopscience.iop.org/article/10.1088/0954-3899/41/7/075006

Results — D-meson yield ratios

FONLL: M. Cacciari et al. JHEP 1210 137 (2012) PYTHIAS8: T. Sjéstrand et al. JHEP 05 026 (2006)
OD T L e e e ~ 08— g
. 1 o ALICE ly|<0.5 Q [ ALICE pp, Vs =5.02TeV |y|<0.5 1
| - (=} — —
[ pp, (s =5.02 TeV B a 0 7; Prompt Non-prompt ]
1_0; Prompt Non-prompt ] T 060 ° Data = Data E
e Data = Data 1 o C FONLL + PYTHIA8 Dec. 1
FONLL FONLL + PYTHIAS Dec. | 05k D « B+B*+Bl+AL E
b F D! « B°+B* B
B r D; B ]
B 0.4 —
; ; 0.3F % W$L :
] 0.2 ? = =
h F $$E e e——— ]
“r 1 0.1 9
 +1.9% BR uncertainty not shown b E E
o b b b b b by by 107 = T R IR Lol LA
0

o
I’\)
N
[}
o

10 12 14 16
P (GeV/c) P, (GeV/c)

> D-meson ratios flat in pr and in good agreement with FONLL predictions
— Compatible prompt and non-prompt D*’/D0 ratios
- DI /(D° + D) ratio higher for non-prompt D mesons. Substantial contribution
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https://link.springer.com/article/10.1007/JHEP10(2012)137
https://iopscience.iop.org/article/10.1088/1126-6708/2006/05/026

Results — Fragmentation fractions of charm quarks

PYTHIAS: P. Skands et al. EPJC 74 3024 (2014) ZEUS: JHEP 09 058 (2013)
LEP: L. Gladilin EPJC 75 19 (2015) ATLAS: Nucl. Phys. B 907 717-763 (2016)
H1: EPJC 38 447-459 (2005) ALICE, 7 TeV: PLB 718 279-294 (2012)
e » Charm-quark f,/(f, + f3) ratio from
LEP e'e’, (5= m, — o PYTHIAS 4 constant fit to prompt D} /(D° + D%)
average pT>0 £
H1:ep 0.5y, |— — > Very precise measurement in agreement

pT(D) >2.5GeV/c i ) .
with previous observations

I

I

I
ZEUS yp 0.5%y_ (— —.l— |
p,(D) > 3.8 GeV/c I

- » Compatible with PYTHIA8 Monash-13
ATLAS 0.5, PP Yo =7 TeV - == B tune simulations (2.7 o)

p,(0)>0

ALICE, pp s =7 TeV |—
p,(D)>0

ALICE, pp Vs = 5.02 TeV |— [litheory sys
pT(D) >1GeVie, Py constant fit

- f
N (7> — 0.137 + 0.005(stat)
0 0.05 0.1 015 02 025 fot1a ) chorm

charm f/(f +f,) + 0.008(tot.syst)
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3024-y
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3250-3
https://link.springer.com/article/10.1140%2Fepjc%2Fs2004-02069-x
https://link.springer.com/article/10.1007%2FJHEP09%282013%29058
https://www.sciencedirect.com/science/article/pii/S0550321316300700
https://www.sciencedirect.com/science/article/pii/S0370269312011033

Results — Fragmentation fractions of beauty quarks

PYTHIAS: P. Skands et al. EPJC 74 3024 [2014) ATLAS: PRL 115 262001 [2015)
LEP: Y. Amhis et al (HFLA\/) arXiv:1909.12524 LHCb, 7 TeV: Phys. Rev. D 85 032008 (2[]12)
CDF: Phys. Rev. D 77 072003 (2008) LHCb, 13 TeV: Phys. Rev. D 100 031102 (2019)
T T T > Beauty-quark f,/(fy + fa) from constant
LEP e'e™ 0.5x7/f,, V5= m, [~ +—  — PYTHIAS fit to non-prompt DJF/(D0 + D) ratio
HFLAV average | pT >0 S

CDF, pp V5 =1.96 TeV |— |
p,(B)>7 GeVic |

+ D mesons from B® and B* decays

7 » Correction to account for non-prompt

ATLAS 0.5xf/fy, pp (s =7 TeV | —
pT(B) >8GeV/c . . .
> Value compatible with previous

measurements and PYTHIA8

LHCb, pp Vs =7 TeV [— | —— —
pT(B) >0, Py constant fit

I
LHCb, pp s =13 TeV [— fe- —

pT(B) >4 GeV/c
ALICE, pp Vs = 5.02 TeV |— [litheory sys = fs
p,(D) >2 GeV/c, p, constant fit e SS—— ﬁ = 0.127 + 0036(Stat)
0 0.05 0.1 0.15 0.2 0.25 u T 1d / peauty
beauty f/(7u+fy) =+ 0.014(tot.syst)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.072003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.262001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.032008
https://www.sciencedirect.com/science/article/pii/S0370269312011033

Results — Beauty-quark production cross section

Dielectron: Phys. Rev. C 102 055204 (2020) FONLL: M. Cacciari et al. JHEP 1210 137 (2012) NNLO: S. Catani et al. JHEP 03 029 (2021)
» pr-differential non-prompt D-meson measurement > pr-integrated cross section » bb

production cross section at midrapidity

B R e _ _
Dielectron 7,<0.8 PYTHAG |- = \(AUCE - > D-meson average compatible with
pp, Vs = 5.02 TeV :
| previous ALICE measurements
Dielectron [ |<0.8 POWHEG |- —El—l —— FONLL
— — NNLO .
I ] datasys > Good agreement with FONLL and
0 . . .
b~ DlyI<05— = [0 extrap sys — calculations including NNLO QCD
b D i<05 | radiative corrections
- <0.5 — _ —
|
b - D} ly<0.5 |— _LU_ —
| do, ¢
bb
—bb = 34.5 + 2 4(stat)
b - D average |y|<0.5 — —
) 1 1 1 1 1 1 dy |y‘<05
0 10 20 30 40 50 60 70 80 4 o(tot.syst) pb
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https://link.springer.com/article/10.1007/JHEP10(2012)137
https://link.springer.com/article/10.1007%2FJHEP03(2021)029
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= L PFi ) /ﬁ'%f/ ]
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8 1% E

= |

E ALICE Pp E

F *b - DIyl<05 dielectron |r,|<0.8 7

| Afit with PYTHIA6 -

—— FONLL ~ ©b - Jily|<09 V fit with POWHEG

10“§ — — NNLO “b - ely|<0.8 3
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PHENIX: PRL 103 082002 (2009)

UA1: PLB 256 121-128 (1991)

CDF: Phys. Rev. D 75 012010 (2007)

b — J/W: JHEP 11 065 (2012)

b — e: PLB 721 13-23 (2013)

Dielectron, 5 TeV: PRC 102 055204 (2020)
Dielectron, 7 TeV: JHEP 09 064 (2018)
Dielectron, 13 TeV: PLB 788 505-518 (2019)
FONLL: M. Cacciari et al. JHEP 1210 137 (2012)
NNLO: S. Catani et al. JHEP 03 029 (2021)

» Beauty-quark production described by FONLL and NNLO calculations over a wide interval of

center-of-mass energies
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https://link.springer.com/article/10.1007%2FJHEP11%282012%29065
https://www.sciencedirect.com/science/article/pii/S0370269313001275
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.055204
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https://www.sciencedirect.com/science/article/pii/S0370269318308475
https://link.springer.com/article/10.1007/JHEP10(2012)137
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Towards the total charm cross section in pp at 5 TeV

» Production of A} and =% measured in pp PLB 781 8-19 (2018)
.. a L B B B L B L B B
collisions at /s = 5.02 TeV 5 ot ]
Vs 2w #F ALICE Preliminary 3
. 6 F PP, ly| <05 E
arXiv:2011.06079 g Lt i:-q.- ]
S w w 3 3 3 - E
% [ ALICE pp, (s =5.02 TeV ] : E E
(\.’5 102 = Prompt A% ly| < 0.5 o S C $ ]
o E . 3 o — -
o E —e— data | Q f%f 3
=2 10; EY em-vens i ) F 3
g TSRO © 213V, 39TV a2 SHT3ToN) b ey ron
> 1 E: a7t bk ko ek vl sy et shown 3
5 'F 3 F —— Vs=502TeV, =0 - Ze'v, p
“c £ 1 —=— \s=7TeV, =2 — =e' v, (Phys.Lett. B781:8-19,2018) §
r 1 —— Vs =13TeV, ={ average of =e' v, and = 1" 3
107 3 E 1 1 1 1 1 1 3
E < s ot s : E o > 4 s 5 T
Q10 T -, 4 p, (Gevic)
- . ]
88 4L .
W77 2 s .
> Precise D-meson measurements down to zero
1)
zZ
8z pr and recent measurements of charmed
s 1 . .
baryon states » crucial for the evaluation of

cC cross section at midrapidity
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https://arxiv.org/abs/2011.06079
https://www.sciencedirect.com/science/article/pii/S0370269318302570

Prospects for Run 3 st

J. Phys. G 41 087001 (2014)

> Major upgrade of ALICE detectors and read-out electronics ongoing

> New Inner Tracking System (ITS2) crucial for
heavy-flavour measurements

ITS 1TS2
# of layers 6 7 gt - hner Barrel
X/ Xo 1.14% 0.38% Beam pipe 7
innermost radius 39 mm 22 mm
pixel size 50 x 425 mp? 30 x 30 mu?
read-out rate 1 kHz few 100s kHz pp
50 kHz Pb-Pb
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https://iopscience.iop.org/article/10.1088/0954-3899/41/8/087001

Prospects for Run 3 st

> Upgraded Inner Tracking System - improved
track and secondary-vertex resolution

J. Phys. G 41 087002 (2014)

z coordinate

—+— Current ITS
r —+— Upgraded ITS (hybrid MC) +
L —+— Upgraded ITS (full MC)

iy
o
w

z resolution B*—D’n* vertex (um)

18 March 2021 - the whole ITS Outer Barrel in its fi

H,
—g—o0o
i o o

e o0
10 I
Lol | | L

107 1 10
P, B* (GeV/c)
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Prospects for Run 3 %)

CERN-LHCC-2020-018

_\ TT ‘ TTT | TTT [ TTT | TTT I TTT | TTT I TTT ‘ TTT I TTT ‘ TTT I TT I_
- ALICE Upgrade projection 1 » Upgraded Inner Tracking System - improved
pp, Vs = 14 TeV, L, = 200 pb” E

track and secondary-vertex resolution

T

Lo

> Expected large increase (~ 5 - 10%) of

|

Expected significance (3c)
o

3 - ———— integrated luminosity L,
E —— g ]
[ - ] — dedicated software triggers for heavy-flavour
10 = hadron selection
E B+ BO + E .
] - 0" ' > Very precise measurements of non-prompt D
: = B =D nt E and B mesons down to pr = 0 GeV/c
C FONLL uncertainty ]
qo-tbend b dben b b b e e L
0 6 8 10 12 14 16 18 20 22 24
P (GeV/c)
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Conclusions
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e 10 _ iy ———
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. . . e 4L ]
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. _ . ST |
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Beauty-quark fragmentation fractions

PDG: PTEP 2020 8, 083C01 (2020)

b-hadron  Fraction at Z (%) Fraction at pp (%)

BY, B* 40.8+0.7 34.44+2.1
B? 10.0 £ 0.8 11.5+1.3
A 8.4+1.1 19.8 £ 4.6
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https://academic.oup.com/ptep/article/2020/8/083C01/5891211

Prompt D* and D mesons — Prompt fraction

510!‘H‘H‘w“u‘u“‘u‘ AR RARaNY §10;“H“H‘H‘H‘H“H‘H‘H“‘H‘HL
= I R s YL |
B[y 7‘7f j$17 ] [ —— o ]
0.8— — 0.8— #F —
0.6— — 0.6— —
[ ALICE ] [ ALICE ]
0.4 PP, Vs =5.02TeV | 0.4 pp, Vs =5.02 TeV |
I D' - K'r'rt and charge conj. b [ Di - @ - K'K'rt" and charge conj. b
0 2; + Data-driven method B 0 2; + Data-driven method B
T FONLL-based method 1 s FONLL-based method 1
I N T N N B SR Lol bbb b b b b b b L
0 5 10 15 20 25 30 35 2 4 6 8 10 12 14 16 18 20 22 24
P, (GeV/c) P, (GeV/c)

> Prompt fraction from theory-driven method based on FONLL predictions

f, -1 Ny ( d’o )FON{L ~ (Acc X €)non-prompt * AyApr - BR - Lint
prompt NI]‘:E)IW dedy non-prompt Nl)+ﬁ_yraw/2
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Prompt fraction — Impact-parameter method

Entries

30/03/2021

EPJC 79 388 (2019)
T T T T
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https://link.springer.com/article/10.1140/epjc/s10052-019-6873-6

Selections improved with machine learning

* BDT selection

N T ‘ T T T ‘ T T T ‘ T T T ‘ T T T T T T
o - . . 4
S 3.5 ALICE Preliminary E
2 [ 0-10% Pb-Pb, Sy, =5.02 TeV ]
© 3.0 88 x10°events E
@ D! - @ - KK ] .
; 250 ars1d charge conj. | » Example from Pb—Pb collisions
g C 2< p. < 3 GeVic ]
§ 20F 1 . o :
L, : » Using ML selections it is possible to extract
1.5% ] the signal in a region (2 < pr < 3 GeV/c)
- Caas) where the linear selections do not give a clear
1.0; B D peak
[ © Standard selection x 0.25 ]
0.5 -

1.85 1.9 1.95 2 2.05 2.1
M(KKT) (GeV/c?)
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Prompt D" and D/ cross sections vs. 2019 paper

T T T T T T > Measurement of prompt Dt and DI mesons

)
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Results — Comparison with pQCD predictions

PYTHIAS8: JHEP 05 026 (2006)

Prompt DO: EPJC 79 388 (2019)
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FONLL: JHEP 1210 137 (2012)
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» D-meson pr-differential cross sections described by FONLL calculations down to low pr
prompt D° and D™ mesons on FONLL upper edge. Non-prompt D compatible with central values

— f(c — D) and f(b — Hy,) fragmentation fractions (FFs) from eTe™

measurements

— non-prompt D mesons » PYTHIAS8 to describe H, — D + X decays
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Results — Comparison with pQCD predictions

Prompt DO: EPJC 79 388 (2019)  GM-VFNS: Nucl. Phys. B 925 415-430 (2017) Nucl. Phys. B 799 34-50 (2008) J. Phys. G 41 075006 (2014)
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» GM-VFENS calculations describe within uncertainties the prompt D-meson measurements
» Non-prompt D mesons constrain the non-perturbative terms of the factorisation theorem

— approach using FFs for b — D + X from e"e™ measurements underestimate the measurements
better description with separate b — Hj, fragmentation and Hy, — D + X decay kinematics
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Visible pr-integrated cross sections

Table 3: pr-integrated production cross sections in the measured pt range for prompt and non-prompt D mesons
in the range |y| < 0.5 in pp collisions at /s = 5.02 TeV.

Meson ‘ Kinematic range (GeV/c) Visible cross section (ptb)

Prompt ‘

D° 0< pr<36 440 £ 19(stat) & 29(syst) -£ 9(lumi) + 3(BR)
D+ 0< pr<36 195 4 23(stat) % 16(syst) = 4(lumi) = 3(BR)
D l1<pr<24 64 & 9(stat) *S(syst) + 1(lumi) £ 2(BR)
Non-prompt

D° 1<pr<24 14.5£1.2(stat) = 1.3(syst) 0.3 (lumi) +-0.1(BR)
Dt 2<pr<16 4.1+0.7(stat) + 0.4(syst) £ 0.1(lumi) = 0.1(BR)
Df 2<pr<12 3.440.6(stat) = 0.3(syst) =0.1(lumi) £0.1(BR)
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Total pr-integrated cross sections

Table 4: Production cross sections of prompt and non-prompt D mesons in the range [y| < 0.5 in pp collisions at

V5 =5.02TeV.
Meson | Extr. factor to pt > 0 do /dy|jy<0.5 (1b)
Prompt |
D’ 1000039993 440 = 19(stat) +29(syst) = 9(lumi) +- 3(BR)
Dt 1.000013:9003 195 4 23(stat) + 16(syst) 4 4(lumi) 4+ 3(BR)
D 128103 82 & 12(stat) == 8(syst) = 2(lumi) = 3(BR) '23 (extr)
Non-prompt
D° 1.281091 18.4+ 1.5(stat) % 1.6(syst) £ 0.4(lumi) +0.1(BR) "] (extr)
Dt 2.2210.95 9.0 £ 1.5(stat) £+ 0.9(syst) = 0.2(lumi) £ 0.2(BR) 133 (extr)
Dy 2.0310.9¢ 6.9 & 1.2(stat) +0.7(syst) = 0.1(lumi) £ 0.2(BR) *J:L (extr)
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Total D-meson cross section ratios

Table 5: Ratios of the measured production cross sections of prompt and non-prompt D mesons in the
[v| < 0.5 1in pp collisions at /s = 5.02 TeV.

Prompt

Dt/D° 0.442 4+ 0.055(stat) - 0.033(syst) = 0.008(BR)

D} /D° 0.186 £ 0.028(stat) £ 0.015(syst) = 0.007(BR) 594 (extr)
D/ /Dt 0.420+0.078(stat) +0.041(syst) = 0.017(BR)*5: 116 (extr)
D /(D°+D™") 0.129 +0.020(stat) +0.010(syst)=0.005(BR) T-935 (extr)

Non-prompt

D*/DO 0.487 £0.090(stat) £ 0.055(syst) = 0.009(BR) ™5 597 (extr)
D/ /D? 0.374£0.071(stat) £ 0.041(syst) £ 0.014(BR) " 0% (extr)
D} /DF 0.769 £0.183(stat) £ 0.086(syst) = 0.030(BR) ™5 593 (extr)
D{/(D°+D") 0.252 £ 0.047(stat) = 0.023(syst) + 0.009(BR) " 00% (extr)
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Beauty FF ratio and cross section corrections

» Correction for beauty-quark FF ratio

( fs > B |:N(D;|. . BS) N(DO,D+ — Hb) FONLL+PYTHIA 8 < D;_ )
beauty non—prompt

fotfa N(Df < H,) N(DO,D* « BOT) DO DT

» Extrapolation factor for beauty-quark cross section

5 65 /dyFONLL

ly|<0.5
extr — FONLL+PYTHIA 8/ .. min max
Gb—>D (PT <pT<pT 7’);‘ <05)
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Prospects for Run 3 — ITS upgrade
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Charmed-baryon production in pp at 13 TeV
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A} /D° vs. multiplicity in pp at 13 TeV
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Non-prompt D-meson Ry,
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