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Physics motivation

Non-prompt D* mesons

e Heavy Quarks(c, b) are produced in initial
hard-scattering processes on a shorter time-scale than
the QGP formation.

e They experience full evolution of the system,
propagating and interacting with the medium
constituents via elastic and inelastic scatterings.

e Study the beauty production in pp collisions
— Non-prompt D* mesons come from B® and B*
= test pQCD theory

= measure total b-bbar cross sectioninppat 13
TeV

= measure beauty-quark fragmentation-fraction
to strange over non-strange
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Data samples and analysis strategy %
ALICE

Samples:
e Data sample: pp collisions @ 13 TeV (2016, 2017, 2018); N_, for norm = 1.836e+09
e MC sample: LHC20f4 for efficiencies, LHC20I1 for Machine Learing(ML) model
training/testing

Analysis strategy:

e Decay Channel D" — K™ " 1" (with B.R. = (9.38+0.16)%)

e |n particular, some preselections (which include single-track, topological, and PID
selections), based on displaced decay-vertex topologies, were applied to select the
D* candidates.

e Then the multi-class classification algorithm (hipe4m!) provided by XGBoost was
used to separate the three contributions (prompt D*, non-prompt D*, and
combinatorial background).

- Rawyield extraction from fit to invariant-mass distribution
- Selection efficiency from MC simulation
estimated via data driven method
= production cross section
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https://github.com/hipe4ml/hipe4ml

Topological and kinematic selections and Single Track Selections

Topological variables

pT intervals(GeV/C)

[1,5] [5,50]
0., (Um) <400 <600
Decay length (um) >300 >300
cosep >0.85 >0.75

>0.80 >0.70

cosbO pxy

pseudorapidity interval
In| <0.8
p;>0.3GeV/cinpp
collisions

2%/ndf < 2

at least 50, out of a
maximum of 159, crossed
rows in the TPC.

ratio of crossed rows over
findable clusters in the
TPC larger than 0.8



Optimisation of ML selection for D*(2 <p_< 3 GeV/c)

ALICE

: 5 2 e Choice of ML-based selections is
H performed by estimating expected
quantities for several threshold
T ou ek T o ek values on the ML output scores (NP,
Bkg)

- signal from FONLL

- efficiencies from MC and
non-prompt fraction from
theory-driven method (f9)

0.15 0.20
ML_output Bkg

0.15 0.20
ML _output Bkg

ML output FD
ML output FD

- background from sidebands
(only fraction of data)

0.10 0.15 0.20 0.15 0.20
ML _output Bkg ML output Bkg

prompt

ML output FD
ML output FD

0.05 0.10 0.15 0.20

B 0.15 0.20
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Central ML Selections

ALICE
D* meson p; interval (GeV/c)
[1,2] [2,3] [3.4] [4,5] [5,6] [6,8] [8,10] [10,12] | [12,16] | [16,24]
probability to be
0.03 0.025 0.025 0040 | 0.040 0.030 0040 | 0050 | 0050 | 0050
background <
probability to be 0.80 0.86 0.86 0.82 0.80 0.80 0.82 0.82 0.76 0.70
non-prompt >




Raw yields for non-prompt D*

ALICE
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Comparisons: D fit parameters %
ALICE
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Efficiency times Acceptance
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Non-prompt fraction
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e Same strategy adopted for non-prompt D meson measurements @ 5 TeV (arXiv:2102.13601)

— datadriven method based on selection criteria variation (more details in backup)

e Higher sample purity in pp collisions at 13 TeV (~70%) wrt 5 TeV

o e

ALICE

To drive the eye
along 70% f
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https://arxiv.org/abs/2102.13601
#

Cross section vs. FONLL
ALICE

) 3 ) . . ' v
° 10°F ALICE Preliminary | <05
> F pp, Vs =13 TeV
o 102'5' =
-g. B Non-prompt D* E
";\ ¢ Data E
o[ 10 @ TAMU + PYTHIA 8 decayer 3
Eel S - FONLL + PYTHIA 8 decayer ]
1 % =
1(r‘ 3
10°2 g -
—e—e, ]
e
107 3
1.7% BR unc. not shown 3
1.6% Iuml unc. not shown
4 3
g E‘ W—E‘E ; 5 ":
oo g —
! E
%’E ‘E'@‘EEF—EE— é
o —10 15 20 25
P, (GeV/c)

dN(Dn()n-prompt) - fl-wn-prompt( ) Nle( )
de 2- APT : CAy(pT) : (ACC X 6)non-pr(nupt( ) -BR - Eint

Comparison with:

e FONLL (B) + PYTHIA 8 (e*e” FF) asdone at 5
TeV
- good agreement

= similar to what observed @ 5.02 TeV

e TAMU predictions from Min He and Ralf Rapp.,
Which adopts the p.. -differential beauty-quark
cross section from FONLL along with the same
fragmentation functions employed in FONLL
and a statistical hadronisation approach for f (b

— hb)'
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https://arxiv.org/pdf/2102.13601v2.pdf
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https://home.cern/science/experiments/alice

Summary of systematic uncertainties

ALICE
D* meson p; interval (GeV/c)
[1,2] | [23] [34] | [45] | [56] | [68] | [810] | [10,12] | [12,16] [16,24]
Raw-yield 5% | 4% 4% | 4% | 4% | 4% 4% 4% 5% 5%
extraction
ML selection o o o o o o o o o o
. 10% 6% 5% 4% 4% 4% 4% 4% 4% 4%
efficiency
N‘;"'pr."m"t 5% | 3% 3% | 3% | 3% | 3% 3% 3% 3% 3%
raction
Tracking efficiency 6% 6% 6% 6% 7% 7% 7% 7% 8% 8%
PID efficiency negl. negl. negl. negl. negl. negl negl. negl. negl. negl.
MC p; shape 7% 5% 3% 1% negl. | negl. negl. negl. 2% 5%
Normalisation 1.6%
Branching ratio 1.7% Taken from
prompt D
analyses

14



Summary %
ALICE

Measurement of non-prompt D™ meson production in pp @ 13 TeV with ML multi-classification
technique

e Non-prompt D" meson production cross section measured
e Systematic uncertainty estimation completed

TO DO

— D' meson systematic uncertainty on material budget to be updated for the paper
— Total b-bbar cross section in pp at 13 TeV

— Beauty-quark fragmentation fraction to strange over non-strange

AN: https://alice-notes.web.cern.ch/node/1347 15



https://alice-notes.web.cern.ch/node/1347

Summary %
ALICE

Measurement of non-prompt D™ meson production in pp @ 13 TeV with ML multi-classification
technique

e Non-prompt D" meson production cross section measured
e Systematic uncertainty estimation completed

TODO
— D' meson systematic uncertainty on material budget to be updated for the paper

— Total b-bbar cross section in pp at 13 TeV
— Beauty-quark fragmentation fraction to strange over non-strange

THANK YOU

AN: https://alice-notes.web.cern.ch/node/1347 1
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Training variable distributions %}%

ALICE
| | d_len norm_dl_xy
| |
lg *°7] |
g g 10—1
- S— =
|S 1071 | © 102 l“ |
| | \

T T T T
| 1.7 | o 1 2 3
im ar_x
102 p_par_xy
£ 101 4 £ 101 2
= = =3
o o o
o O 1p9-a o
0.85 0.90 0.95 1.00 -1 o 1 K 0.02
10° max_norm_dO0dOexp nsigComb_Pi_0O nsigComb_K_0O nsigComb_Pi_1
- 102
2102+ 8 8
3 3 3
S 0-6 S 1075 S
—100 o 100 20 a0
nsigComb_K_1 nsigComb_Pi_2 nsigComb_K_2
= - T 0=2 " Background
’é’lo 2 | 2102— o Prompt D *
2 > = 3 107° A Feed-down D*
il S| % 1o
10°°
o 20 40 o 20 a0 o 20 40

e Allvariables employed in the training (invariant mass and transverse momentum excluded)
e Training samples of prompt D" mesons and non-prompt D™ mesons from MC
e Training samples of bkg with data from SB (D" meson)
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Raw yields D* (“prompt enhanced” sample)
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e g B B0) 15

ALICE

Signal extraction
from 1 to 24 GeV/c
Significance
between 18 and 59
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Non-prompt fraction estimation via data-driven method

ALICE
Same strategy adopted for non-prompt D* meson measurements @ 5 TeV (arXiv:2102.13601)

). nsetof ML-based selections with different prompt and non-prompt D* mesons contributions

el Il). Eachsetisequivalent to an equation with 2 variables (Np,

1 1 _vl1
6prompt ’ Nprompt + €rD NF D — Y an)

Eprompt * Nprompt + €pp - Nrp =Y I11). System of equations is overdetermined: approximated

solution obtained by minimising a y?

611)'r'ompt e}i‘D Y1 52
( Ny ) :
X — . =
Ny -
6Z’rompt E%D Yn 5"
o Nep V). From the approximated solution (Np, an), the

J
fFD g j . .
€5 NFD+Eprompt Nprompt non-prompt fraction can be estimated 2


https://arxiv.org/abs/2102.13601

Non-prompt fraction estimation (D", 2 < p.. < 3 GeV/c)

fraction

Raw yield
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ALICE

e Central cutset: fnp ~ 70% infull p;

o Withlooser selectione =S¢

e With tighter selection ¢_,= 70¢ orompt
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Estimation of systematic uncertainties

ALICE
e Systematic source: ( more details in backup)

20<p <3.0GeVic
T T
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— Non-prompt fraction estimation (f ): data-driven method : ] - v ]
non-prompt o 05 i s 3 250 ey g

— MC p, shape: repeat full analyses applying p, weights from FONLL L L L

p; shapes for generated signal in MC simulations ] E
— PID: inherited from prompt D" meson analyses

— Tracking: consider single-track systematic uncertainty and ITS-TPC | T T

matching efficiency using the D-meson decay kinematics
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D*f., estimation ([1-2], [2-3])
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D*f., estimation ([3-4],[4-5]) %

ALICE
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D*f., estimation ([5-6], [6-8])

efficiency

_.
<

1072

107

cut set

S5<p <6 GeV/c

L L B L L L L L L B

e ]
e
B ]
-y
s il
5y
- b o -
=
e
o
iy
L o2 |
E e s
C e |
= - -
i
F +Prompt e ]
L =
=,
L

+ Non-prompt

I N N A T T

5<p < 6 GeV/c

2 4 6 8 10 12 14 16 18 20

9
0.95

0.85

0.75

0.65

0.55

cut set

fraction

5<pT<6 GeV/c
NN R RN RS RARN RN AR RARN RN AR R
—+ Measured raw yield
Il Prompt
[ Non-prompt
— Prompt + non-prompt
%2/ ndf = 1.320

2 4 6 8 10 12 14 16 18 20
cut set
5<p_<6 GeV/c
S I T —
[ U RARE RARE RARN RARSRAS IR ARERARA|
[+ Prompt
1.6 4 Non-prompt
1.4}
1.2
1
0.8 e
B,
o6l ARt
r e o -+
E +fr:$:’++
0.4~ g -
Lg% "'-o-*_
0.2 it
0:.l\ll\1.1.1,1.1...|...|..x|.. ¥ P
2 4 6 8 10 12 14 16
cut set

efficiency

cut set

-

107

102

10°°

6<p <8 GeV/c
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D" f. estimation ([8-10], [10-12])
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D*f., estimation ([12-16], [16-24])
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Systematic uncertainties: non-prompt fraction

ALICE
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140 4 , 1
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r r arrow A
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r ] —————
0.8 - — | . s L g
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e The systematic uncertainty on the non-prompt fraction
is evaluated by varying the sets of cuts considered in
the system minimisation

e Assigned uncertainty range from 3% to 5% for D* and

2% to 10% for Ds+. -



Systematic uncertainties: tracking efficiency for D*

ALICE

e Propagate single-track
T systematic uncertainty on
ITS-TPC matching efficiency
using decay kinematics of

o
—
N

o O
o O
A0
\
[ ]

e
Y
N

Relative systematic uncertainty

0.1 ]
] non-prompt D*.
0.08 _:
E - tracking selection efficiency
prompt N i
e rD E systematic for non-prompt
g . D are taken from DPG
0.02—~ —+~prompt + FD —
O34 68 1o 1274 16 18 20 25 24 e Assigned uncertainty range

R (GeNie) from 6% to 8% for
non-prompt D*
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Systematic uncertainties: D" raw-yield - 2 < p. < 3 GeV/c

raw yield

width (GeV/c?)

. 20<p_<3.0GeVic
<10 ‘\“"IT —
1'6: — Central value
1.4 —+ Fit method
E —+ Bin counting (3.00)
1.2 —— Bin counting (5.0c)
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= [ | L Ll =

40 0.5 1 1:5 2 25
trial #
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x2/ndf

20< P, < 3.0 GeV/c

T[T T[T T[T T[T TTTT 7T

mean = 704.0
RMS =22.6 (3.2%)
max-min
a0 =35.5 (5.0%,
2 e

mean = 728.6

RMS = 48.3 (6.9%)

max-min

max-min _ g3 5 (9.0%
i ( )

RR FYRR1 EXUNE ANRTA NENTA ANRL INUTANNE.

0.9 il 1
raw yield

b bbb b ben b bl

N
Dt
13}

trial #

x10°

x10°

ALICE

3 bkg functions (lin,
pol2, expo)
different
upper/lower limits
5 different rebin
mean: free
sigma: fixed to
prompt-en. £ unc
Syst. unc. estimated
as sum in quadrature
of RMS and shift
w.r.t. the trial
distribution
- Assigned

uncertainty range

from 4% to 5%
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Systematic uncertainties: ML sel. eff. - D*, 2 < p_ < 3 GeV/c

ALICE
A A S I S — i i g g . e 12 different
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uncertainties
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Systematic uncertainties: MC p_ shape - D*
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F —Pythia

10F —FoNLL
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p, weights

ALICE
1'5:"'|"'|"'|"'|"'|"'|'"|"'|"'|"'|"'|"':
1.4F 3
- 1af 3
1.1§ ]
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0.7k
0.6F 3
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p; shape in the MC re-weighted in order to reproduce a realistic distribution:

reference case: PYTHIA

p; weights computed using FONLL shape for prompt D
p; weights computed using FONLL shape for B (mixture)
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Systematics: MC p_ shape D*
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Systematic uncertainties: MC p_ shape - D*

ALICE
d— 10;‘\”‘”\‘ AR R E R Ra R E A R e e o 1.4 e g
ke) [ k| g [ .
8 [ 1.3 -
1 E : :
?-. @ PYTHIA -@ FONLL ; 1-2T P
[ 1.1
1 e _ . =
10 E - E ++
—o— ] 1.0H 9. L )
i ] i e
102 - | L ]
E 3 0.9j -
—o— [ ]
L —— 8 0.8 3
107 E [ .
: g — 0.7F —i
1047‘\‘”\”\‘\ | 0,60l Ll
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Repeated full analyses with and w/o MC [ weights:

e FONLL

e PYTHIA (reference)

e Syst. unc. estimated considering the effect on fnon—prompt and cross-section

- Assigned uncertainty ranges from 2% to 6% for D*
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Systematics: D* raw yields extraction ([1-2], [2-3])

10°

1.0<p <20GeVic
T T
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ALICE

Multi-trial fit

3 bkg functions (lin, pol2, expo)
different upper/lower limits
5 different rebin
mean: free
sigma: fixed to prompt-en. £ unc
- Syst. unc. estimated as sum in
quadrature of RMS and shift w.r.t. the
trial distribution
- Assigned uncertainty range from 4% to
5%
= [5%,4%, 4%, 4%, 4%, 4%, 4%, 4%,
4%, 5%, 5%]
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Systematics: D* raw yields extraction ([3-4], [4-5])

ALICE

3.0<p <40GeV/c
T T T T

- Multi-trial fit
: 3 e 3 bkg functions (lin, pol2, expo)
o 4 S e different upper/lower limits
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.- e mean: free
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Systematics: D" raw yields extraction
| S ALICE

x10°

F

[5-6],[6-8])

1.8 __ Central value
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1o e =t g, | s

: 5 Multi-trial fit

SR ‘9 . e 3 bkg functions (lin, pol2, expo)

e 2' e e different upper/lower limits

i e Sdifferent rebin

T @ﬁﬁfﬁfﬁ# E e mean: free

3 E e sigma: fixed to prompt-en. £ unc

e w e ey - Syst. unc. estimated as sum in
: o I T quadrature of RMS and shift w.r.t. the
N trial distribution
: e 3 - Assigned uncertainty range from 4% to

< s = [5%, 4%, 4%, 4%, 4%, 4%, 4%, 4%,
§ ] 4%, 5%, 5%)]

L I o I | I
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Systematics: D* raw yields extraction ([8-10], [10-12])

8.0< P < 10.0 GeV/c

1 B.0<pT< 10.0 GeV/c
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ALICE

Multi-trial fit

3 bkg functions (lin, pol2, expo)
different upper/lower limits

5 different rebin

mean: free
sigma: fixed to prompt-en. £ unc
- Syst. unc. estimated as sum in
quadrature of RMS and shift w.r.t. the
trial distribution
Assigned uncertainty range from 4% to
5%

= [5%,4%, 4%, 4%, 4%, 4%, 4%, 4%,

4%, 5%, 5%]
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Systematics: D" raw yields extraction ([12-16], [16-24])

120<p <16.0 GeV/c
T T
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ALICE

Multi-trial fit

3 bkg functions (lin, pol2, expo)
different upper/lower limits
5 different rebin
mean: free
sigma: fixed to prompt-en. £ unc
- Syst. unc. estimated as sum in
quadrature of RMS and shift w.r.t. the
trial distribution
- Assigned uncertainty range from 4% to
5%
= [5%,4%, 4%, 4%, 4%, 4%, 4%, 4%,
4%, 5%, 5%]
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Systematics: D* selection efficiency ([1-2],[2-3])

ALICE
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Systematics: D* selection efficiency ([3-4],[4-5])
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Systematics: D* selection efficiency ([5-6],[6-8])
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Systematics: D* selection efficiency ([8-10],[10-12])
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Systematics: D* selection efficiency ([12-16],[16-24])
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Systematics: D*f_ [4-5] -narrow right & left
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Systematics: D*f_ [4-5] -narrow right & left %
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Systematics: D*f_ [4-5] -narrow right & left
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Systematics: D*f_ [4-5] -narrow right & left
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