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Total charm cross-section in pp collisions

e The measurement of the total charm cross-section emerged as one of the most promising area where combining
measurements from different experiment could provide important benefits.

e All LHC experiments have competitive results for charmed hadrons that cover different regions of kinematic phase

space ==> 1ngredients for the total charm cross-section

e A collection of open charm meson results from LHC:
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e 5TeV 1s a good starting point
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e New ALICE papers on prompt A production in 5TeV (PRC 104, 054905, PRL 127, 202301)
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Available open charm results at 5TeV pp collisions
D mesons

27.4pb " (5.02 1eV pp)

’G El LI I LI ] LI I I I LI l L ] L I I_. L
T [, ALICE : D°; D = L S,
— § N POWHEG+NNPDF3.0L
@ 102!{'0 pp, Vs =5.02 TeV € = S 100k s =5TeV [—1FONLL -
O) 5 = > Vs
a : %. : B 8 - * GMVENS
a‘ - % j;i: - } lOl - 1 1 | . 20<y<25.m=0 -
> 10 3 % = 3“ . ¥ {
% - % 0 - E: IE 10~ 1 . 25<y<3.0,m=2
QI— - % Prompt D", lyl<0.5 1 &la 10t T FoNLL - 5 .
. . T | O 3 A -3
g 1k ﬂlz ¢ with vertexing - 182 ] GM-VENS —— -~ 10 : i
C\-'g - 5 = w/o vertexing ; 10 Global uncert. 2.5% — -?f 10-5 L
l _ 1 S
S — = Z . .
-1 _ — P— _
10 E = - 2.8 - oP 10 T
- : 1 £z 15E =
_ - a CLE o 51 %: """"""""""""""""" 10~ |
102 = 0F Ll
= N = W 25F 1011 ! . . | ! . . I . ! ! I ! ! ! I ! ! !
- v . < 25 0 2 4 6 8 10
| +2.1% lumi, + 1.0% BR uncertainty not shown i -og L>L 15E - p1 [GeV/c]
I | I | I . | L1 1 1 | | 1 1 1 | 111 | 1 1 1 | | 11 1 | | D ! 1 -:‘_ __________
0 5 10 15 20 25 30 35 z 0.5 - | JHEP 06 (2017) 147
GeV 10
p, (GeV/c) p_ (GeVic)
Eur. Phvs. I. C79 (2019) 388 Phys. Lett. B 782 (2018) 474

pr1GeV/c] 0--36 - 10 -- 100
Rapidity ly| <0.5 20<y<45 IyI <1.0




oo/d ydp_ (ub/GeV/c)

Available open charm results at 5TeV pp collisions
Charmed baryons
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e The need of precisely measuring charmed baryon production has become relevant in presence of large
enhancement in pp compared to e+e-

e Need to estimate the effect of different enhancement scenarios of these particles on the total cross section



https://arxiv.org/abs/2105.06335

e Objectives: obtain a combined measurement of o, (cC) and ¢

Objectives

-m VS. pr and y using existing published

measurements of ALICE, CMS and LHCDb at 5 TeV.

e Understand theory, find “best” description for total charm cross-section

Critical input for calculations 1n AA collisions

e (Goals:

Collecting in a common database the relevant charm measurements in pp collisions in a consistent ROOT/txt format.

Providing summary plots to be used 1n review papers and summary talks

Providing comprehensive comparisons to theoretical calculations in the various rapidity and transverse momentum
regions.

Encourage the development of dedicated tunes for theoretical calculations (e.g. Pythia) that consider the knowledge
acquired after 10 years of charm measurements at the LHC

Common and unique 1nputs for charm differential cross-section vs. pr and rapidity to be used as input for AA
theoretical calculations

Provide an estimation of the total charm cross-section, which incorporates the constraints coming from the
various LHC experiments



Charm results and combination

e (Collection of open charm results 1n pp collisions at 5 TeV

ALICE EPJC 79, 388 (2019) D 5 Kt Dt 5 K atat, DI won" - K"K w7, p*+ 5 D+ (+c.c)
ALICE PRL 127, 202301 Af = pK—nt, A} = pK2(+cc)
ALICE PRC 104, 054905 AF - pK—wt, Al = pK2(+cc)

PLB, v. 782, 2018, p 474-496 ) _, jc—+ (+c.C.)
PLB, v. 803, 2020, 135328 AT - pK— 7" (+c.c)
LHCb JHEP, 147 (2017) DP 5 Kxt Dt =3 K atat. DI 2ot - KK~ w7, pr+ 5 D+ (+c.c.)
e Kinematic regions (D"):
e ALICE: 0 < pr <36 GeV/c; -0.5<y<0.5
e CMS: 2<pr<100GeV/c; -1.0<y<1.0
e LHCb: 0 < p; < 10GeV/e; 2.0<y<4.51in Ay = 0.5 bins

D’ - K=t 3.950 + 0.031%
DY - K—ntnt 0.38 + 0.16%

Dy = ¢n™ = K"K~ 7" 294 4 0.08%

e Produce compilation plots of 6., vs. pr and y A, = pK—nt 6.98 + 0 39%

 All information collected and accessible 1n twikai: A, — pK 2 —prtaT 1.10 + 0.06%

e https://twiki.cern.ch/twiki/bin/view/Honexcomb/HonexcombCharmSection
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Combination plots for D"
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Combination plots for D™+

do/dy [ub]

e D* cross-section in pp and y
e D* cross-section vs. y 1n py slices

~#— ALICE lyl<0.5

—&— LHCb 2.0<y<2.5
~#— LHCb 2.5<y<3.0
—#— LHCb 3.0<y<3.5
~#— LHCb 3.5<y<4.0
" —#— LHCb 4.0<y<4.5

do/dy | ub|

d’o/dp, dy [ub]

do/dy | ub|

1.0< p_< 2.0 GeV/c
pp STeV

10

do/dy [ub]

do/dy [ ub]

do/dy [ ub]

2.0 < p_< 3.0GeV/c
pp STeV

50< P <6.0GeV/c
pp STeV

do/dy [ ub]

do/dy [ ub]

do/dy [ ub]

30< p_< 4.0 GeV/c
pp STeV




PYTHIA-data comparison

Data from ALICE, CMS and LHCb do not cover the full rapidity range, interpolation and extrapolation must be
performed to estimate the total charm cross section.

e PYTHIA and FONLL event generators

PYTHIA settings:

e Parton-shower approach for charm production in very low p

e For hard 2 — 2 process use the PYTHIA model for multiparton interactions [PRD 36 (1987) 2019]

 The only remaining parameter to fix 1s the kinematic charm mass, default value in PYTHIA 1s 1.5 GeV

Scan charm mass from 1.1 to 1.9 GeV, 1n 0.1 GeV step size. Produce 10M PYTHIA events for each charm mass
value.

Find the best charm mass value from simultaneous fit to measured charmed hadrons cross-section in (pr, )
space.

Currently, made comparisons for D°, D+, D[ and D* mesons.
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D" comparison to PYTHIA

10M PYTHIA events for each charm

mass value (m0) from 1.1 to 1.9 GeV,

in 0.1GeV step.

Cross-section vs. rapidity in py slices
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4:m0=1.14-4:m0=1.24-4:m0=1.3
-#=4:m0=1.4-+-4:m0=1.5-4-4:m0=1.6

-10 %=4:m0=1.7--4:m0=1.84-4:m0=1.9
0 1 2 3 4 5
lyl
S 4F 60<p <70GeVic
= pp 5TeV
B D
0
o
———
-,
o

4:m0=1.14-4:m0=1.24-4:m0=1.3

—1F 4-4:m0=1.4---4:m0=1.5-4-4:m0=1.6
%=4:m0=1.7--4:m0=1.84-4:m0=1.9

[ | [ | [ | . a

0””1””2””3””4-

|| LB B
e <p <100 GeV/c
= 038 . 5TeV
= pp 5T
= 06
3
04
I
0.2 _
OF @ALICE @LHCb
4:m0=1.14-4:m0=1.24-4:m0=1.3
-0.2F 4-4:m0=1.4---4:m0=1.5-4-4:m0=1.6
44:m0=1.7-+-4:m0=1.84-4:m0=1.9
(/| “TEPEREE BRI B B B
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-8— ALICE lyl<0.5
-o—- CMS lyl<1.0

-@— LHCb 2.0<y<2.5
—#— LHCb 2.5<y<3.0
—8— LHCb 3.0<y<3.5
~9— LHCb 3.5<y<4.0
~®— LHCb 4.0<y<4.5

Simultaneous fit

e Calculate y* across D°, D*, D} and D* from all

experiments to find the charm mass value (m0) that
describes data best.

» (Compare each point between data and PYTHIA, calculate

5 (data — pythia)* S

= , summed over all data points. + s

)(_

~#— LHCb 2.5<y<3.0
—#— LHCb 3.0<y<3.5

..., —@— LHCD 3.5<y<4.0
- LH

2

Cb 4.0<y<4.5

—— ALICE lyl<0.5

-— LHCb 2.0<y<2.5
—— LHCb 2.5<y<3.0
—&— LHCb 3.0<y<3.5
—&— LHCb 3.5<y<4.0
—&— LHCb 4.0<y<4.5

dzc)‘/dedy [ub]

 (Consider correlation of systematic uncertainties

e Common correlation between experiments

e Branching ratio

4
~&— ALICE lyl<0.5 2
—#— LHCb 2.0<y<2.5 V4 T[ GeV/c 0 ‘J
—#— LHCb 2.5<y<3.0

~#- LHCb 3.0<y<3.5

~#— LHCb 3.5<y<4.0

" —#— LHCb 4.0<y<4.5

e (orrelations within each experiment

* between same meson Species

* between different meson species

16



Correlated systematics within experiments

e (Correlations in LHCb:

e (Correlation matrices from HEPDATA for same and
difference D meson species

e (Correlations in ALICE:

Uncertainties (%)

p° Dt Df Dt

Correlations (%)

Bins  Decay modes

Luminosity

Tracking

Branching fractions
Simulation sample size
Simulation modelling
PID sample size

PID binning
Fit model shapes

3.8
3-5 57 47
1.2 2.1 5.8

0-10 0-10 2-9 1-10

0.3 0.7 0.6
0-1 01 0-2

0-30 0-10 0-20 0-20
0.0-1.0

03 03 03

57
1.5

2
0-2

100
90-100
100
0
0
0-100
0
0

100
90-100
0-95
0
0
0-100
0
0

_Systematic uncertainty

Same D mesons

Different D mesons

Luminosity fully correlated fully correlated
Raw yields
Tracking fully correlated fully correlated

Cut efficiency

fully correlated

PID fully correlated
MC pr shape fully correlated
Feed-down fully correlated fully correlated

e (Correlations in CMS:

 Luminosity and BR are fully correlated

17

» Tested calculating y* with correlated
uncertainties:

)(2 _ XTV_ IX

« X = (measurement - expectation) =
(data points - pythia)

e X:an n-dimensional vector

* 1 1s the number of data points used
in the calculation

e V =npn X n covariance matrix

e V! =invert of covariance matrix



https://www.hepdata.net/record/74708?version=2

Simultaneous fit

Calculate y* across D°, D, D} and D™ from all experiments to find the best charm mass value (m0).

Compare each point between data and PYTHIA, calculate y* =

5 (data — pythia)?

> , summed over all data points.
o

e o 1s the total uncertainty of a data point c;< 4000 F" 1 ** "I T T """ "T1" ™ = "3
pr < 6 GeVie 3500 ;— minimum at 1.437),; —;
. 3000 : o ® Uncorrelated uncertainty :
ALICE: LHCb and CMS POlntS are used. E O  Fully correlated uncertainty, upper limit PRe E
e [LHCDb points prQVide most constraint. 2500 - O  Fully correlated uncertainty, lower limit O"' | -
. = 0 + + w0 =
Assuming two extreme cases: 2000 - D"+ D"+ Dg +D o =
e Totally uncorrelated uncertainty across data points (black) - o -
1000 =
e Totally correlated uncertainty: - T . .
e Shift all points up by 1 sigma (red) 500 © E
e Shift all points down by 1 sigma (blue) )R B R R R

1.2 1.4 1.6 1.8
The variation of the minimum position can be used as uncertainty of m,. m, [GeV /02]

3+O.14

e Minimum position: 1.437 "
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Fit results: D" vs. Pythia

Light blue:
e Uncorrelated case

o m.= 143 GeV/c*

Magenta:
e Fully correlated, upper limit

o m.= 128 GeV/c*

Green:

e Fully correlated, lower limait

o m.= 157 GeV/c*
Pythia band below data at low p
Increase Am,_ to cover low py data poi

Include A into the fit.

0.0 <p.< 1.0 GeV/c
pp STeV

uncorrelated o
& correlated, upper limit
correlated, lower limit

60 3.0 <p, <4.0GeV/c
50 pp STeV
D’4+D°
40
30
@ CMS
20F @ ALICE

@ LHCD

-
uncorrelated "l
10F & correlated, upper limit

correlated, lower limit
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1.0 < p. < 2.0 GeV/c
pp STeV

uncorrelated o
& correlated, upper limit
correlated, lower limit

40 < p. < 5.0GeV/c
pp STeV
D’+D°

@ CMS
@ ALICE
@ LHCDb

uncorrelated
@ correlated, upper limit 8.5

correlated, lower limit

@ LHCDb
uncorrelated

@ correlated, upper limit
correlated, lower limit

5.0 <p.< 6.0 GeV/c
pp STeV

ALICE
:LHCb

uncorrelated o
é correlated, upper limit

correlated, lower limit




Fit results: D™ vs. Pythia

Light blue:

e Uncorrelated case

e m.= 143 GeV/c?

e Fully correlated, upper limit
e m.= 128 GeV/c?

Green:

e Fully correlated, lower limit
e m.= 157 GeVlc*
Pythia band below data at low pq;

Increase Am, to cover low pr data
points

Include A into the fit.

do/dy [ub]

do/dy [ub]

S & correlated, upper limit

00<p_<10GeV/c

pp STeV
D*'+D

-O-'O'-O-

-

@ ALICE
¢ LHCb
uncorrelated o
& correlated, upper limit
correlated, lower limit

1 2 3 4

30< p.< 4.0 GeV/c
pp STeV
20 Eo—0O-—0- D7D

@ ALICE

& LHCb
uncorrelated

correlated, lower limit

20

uncorrelated o
& correlated, upper limit
correlated, lower limit

40 < p.< 5.0GeV/c

s pp STeV

aSarec D*+D’
- 2

@O
-

& LHCb
uncorrelated

& correlated, upper limit
correlated, lower limit

do/dy [ub]

do/dy [ub]

T

uncorrelated
& correlated, upper limit
correlated, lower limit

50< p.< 6.0 GeV/c

pp STeV
D+D

€ LHCb
uncorrelated

& correlated, upper limit
correlated, lower limit




Fit results: D" vs. Pythia

Light blue:

e Uncorrelated case
o m. =143 GeV/c*

Magenta:
e Fully correlated, upper limit

e m. =128 GeV/c*

Green:

e Fully correlated, lower limit

e m.=1.57 GeVlc*
Pythia band below data at low p
Increase Am,_ to cover low py data points

Include A into the fit.

do/dy [ub]

do/dy [ub]

4() pr—r—r—

35
30
25
20
15
10

——rrrr7Trr

-$- ALICE

- LHCb

-~ correlated, upper limit
uncorrelated
correlated, lower limit

pp STeV

———————r—
& ALICE

- LHCD

-&- correlated, upper limit
correlated, lower limit
uncorrelated

===
4.0 < p.< 5.0GeV/c

—g—

do/dy [ub]

do/dy [ub]

—rrrr—r
-®- ALICE

D+
S -$- LHCDb
pp 5TeV @ correlated, upper limit
uncorrelated
correlated, lower limit
—O—
— —0——0—
e o
=
3.O<pT<4.O GeV/c = =2
1 2 3 4 5
lyl
——r—r— —r—rrrr—r—r—r—
DY -®- ALICE
S - LHCb
pp 5TeV - correlated, upper limit
correlated, lower limit
uncorrelated
Nl es
H—G —— .
18—
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Fit results: D" vs. Pythia

Light blue:

e Uncorrelated case
90 10<p <20GeVie

do/dy [ub]
=

e m.=1.43 GeV/c? -0 pp 5TeV
60
Magenta: 50D

30F .@ ALICE

¢ LHCb o

20F & correlated, upper limit
uncorrelated

10 correlated, lower limit
e m.= 128 GeV/c? 0

e Fully correlated, upper limit

0 1 2 3 4 5

Green:

e Fully correlated, lower limait

do/dy [ub]

e m. =157 GeVlc*

Pythia band below data at low pr;

A
(e
==

¢ correlated, upper limit
correlated, lower limit

& LHCb
uncorrelated

Increase Am, to cover low py data
points

Include A into the fit.

do/dy [ub]

do/dy [ub]

60 2.O<pT<3.O GeV/c
50
40
= 'O'-O--o-':t-o-
30
20F o ALICE 0
.':.LHCb _ _-0-
correlated, upper limit
10 uncorrelated o
correlated, lower limit
0
0 1 2 3 4 5
lyl
50< p.< 6.0 GeV/c
pp STeV
*

& ALICE

& LHCDb
uncorrelated

¢ correlated, upper limit
correlated, lower limit




Summary

The project of total charm cross-section from combining ALICE, CMS and LHCb
measurements 1s making good progress.

Compared with PYTHIA calculations, found parameters that describe data.
e To-do: include ALICE A data into the fitting.

Working on extrapolation to obtain total cross-section.

Preparing paper on data/theory comparisons and total charm cross-section in the coming
months.
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