
Update on double di�erential charm σ at 7 TeV 2010

Nur Zulaiha Jomhari, Achim Geiser, Josry Reda Metwally

October 8, 2020

DESY Hamburg
QCD meeting



Intro
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Objective: To measure the total cross section of inclusive charm at di�erent
pp center of mass energies (0.9, 2.76, 5, 7, 8, 13 (from PU in BParking) TeV)

Strategy: By covering full phase space and by using all PVs in the event. More details
can be found in backup and AN-18-284
What’s new? with respect to [prev.]

Loosen D∗± pre-selection
Added dEdx cut
Signal yield
E�iciency
σ as a function of pT and y
Towards total cross section
Conclusion and outlook

https://indico.desy.de/indico/event/26462/


D∗± selection
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D∗± → D0π± → K∓π±π± selection
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Possible combination:
Right charge: K∓π±π±s
Wrong charge: K∓π∓π±s (combinatorial background)

Optimized for low pT charm
Di�erent cut at higher pT (> 3.5 GeV)
and lower pT (< 3.5 GeV)*
Track pT cut only apply to pion,
instead of kaon and pion; pπT > 0.5 GeV
Cut on dEdx for kaon

discriminate K & π and K & p

Cut on max. distance from tracks to PV
loosen dz cut at D* preselection
(from 0.1 to 0.5 cm)
tighten (dz × sinθ) cut at analysis level*

*See cuts in backup



Signal extraction
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Signal extraction
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Using wrong charge background subtraction method

pT < 3.5 GeV

pT < 3.5 GeV

Wrong charge × 1.05 Wrong charge × 1.01

The plots show Nsignal at lower pT . More signal are gain as well as the background.
See backup for Nsignal at higher pT and at di�erent phase space (le�: old, right:new)



Nsignal at pT : 2-3 GeV, |y|: 1.5-2.0
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One example of phase space where you can see clearly the improvement (right plot)
with these latest selection cuts



E�iciency
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E�iciency improves at the region that we measure compared with the
old ones (see backup)



Cross section as a function of
pT & |y|

(statistical uncertainty only)
a�er applied e�icient
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σ as a function of pT in y bins
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(Le�) The cross section is comparable with ALICE
(Right) Region where cross sections have never been measured before

new phase space



σ as a function of pT in y bins
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Cross section is consistent
with LHCb
For |y| above 2.5,
will use LHCb measurement

new phase space new phase space



σ as a function of pT in |y| bins: 1.5-2.0 & 2.0-2.5
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Distance closest approach (dca) fit 7 TeV 2010
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- Pythia describes charm fraction well
within very large data uncertainties

e.g:
4 < pT < 5 GeV,
|y| < 0.5

Using linear ave. from Pythia for
charm beauty separation, charmf rac = 0.9



Cross section as a function of
pT & |y| a�er c+b→ c rescaling
to 0.9 (statistical uncertainty

only)
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σ as a function of pT in |y| bin
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(Le�) The cross section is comparable with ALICE
(Right) Region where cross sections have never been measured before

new phase space



σ as a function of pT in |y| bin
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double di�erential σ as a function of pT in |y| bins
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double di�erential σ as a function of pT in |y| bins

19/29The columns between the red lines show the same D∗ σ as a function of |y| (start from high pT region)



σ as a function of |y| in pT bin
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σ as a function of |y| in pT bin
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σ as a function of |y| in pT bin
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double di�erential σ as a function of |y| in pT bins
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Towards a total charm cross
section

(very preliminary)
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double di�erential σ as a function of |y| in pT bins
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in calculating total charm σ

from measurement and extrapolation
total cc σ: 8.3 ± 0.8 (stat.) ± ?? (sys.) mb



Towards a total charm cross section (very preliminary)
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Phase space Integrated D∗ cross section (µb)
CMS region measured:
|y | < 2, pT > 1 1096 ± 133 (stat.) ± ?? (sys.)
CMS region extrapolated (pt 0-1):
(FONLL upper limit) 472 ± 57 (stat.) ± ?? (sys.) ± ?? (extrapolation)
LHCb region measured:
2 < |y | < 4.5, 1 < pT < 8 1018 ± 40 (stat.) ± 120 (sys.)
LHCb region extrapolated:

344 ± 15 (stat.) ± 38 (sys.) ± 19 (extrapolation)
beyond LHCb extrapolated |y | > 4.5:
(FONLL upper limit, except PDF) 1059 (tbc) ± ?? (stat.)
Total 3989 ± 360 (stat.) ± ?? (sys.)

fragmentation fraction: 0.239 / 2
total ccbar cross section: 8.3 ± 0.8 (stat.) ± ?? (sys.) mb
theory extrapolation factor: ∼1.9 (if confirmed): smallest extrapolation factor ever achieved
at LHC (but still somewhat larger than hoped for)

1
2
3
4
5



Systematic uncertainties
(very preliminary)
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Systematic uncertainties (very preliminary)

Below are parts of the systematics that is ongoing
and it is not a complete list yet
These values are not yet applied to the current results
PU = 5% (limited statistic of MinimumBias MC)
lumi = 4% (from CMS DP-2011/002)
tracking = 9.4% (from Valentina’s PAS: BPH-18-003)
BR = 1.1% (from PDG 2020)
trigger = negligible (by definition)
charm fraction = 5.5%
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Conclusion

The analysis is performed using 7 TeV 2010 data (special low pT tracking)
Since statistics is a limiting factor for this analysis, using (in addition)
pile-up vertices helps to get sizeable additional statistics
The double di�erential D∗ σ has been measured
The upper edge of the FONLL theory band is an agreement with the data (as
in all other existing measurements)
The result for the charm cross section is in agreement with ALICE at low |y|,
with LHCb at high |y|, and covers the phase space in between that was never
(fully) measured before
First a�empt in calculating the total cc σ = 8.3 mb
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Backup



Introduction overview
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Objective: To measure the total cross section of inclusive charm at di�erent pp
center of mass energies (0.9, 2.7, 5, 7, 8, 13 (from PU in BParking) TeV)

Why? Test NNLO QCD, constraints on PDFs, measurement of charm quark mass
Strategy: By using all PVs in the event & CMS + LHCb together can cover
essentially full phase space of σtotcc̄

Challenge: Acceptance of D mesons at low pT

ATLAS (7 TeV)
arXiv:1512.02913v2

LHCb (5, 7 & 13 TeV)
arXiv:1610.02230v2
arXiv:1302.2864v1
arXiv:1510.01707v6

ALICE (2.76, 5 & 7 TeV)
arXiv:1205.4007v3
arXiv:1901.07979
arXiv:1702.00766

CMS (5 & 13 TeV)
arXiv:1708.04962
BPH-18-003

Goal:
Measure D mesons
down to pT 1 GeV

σtotcc̄ expected
to be ∼10 mb!

https://arxiv.org/abs/1512.02913
https://arxiv.org/abs/1610.02230
https://arxiv.org/abs/1302.2864
https://arxiv.org/abs/1510.01707
https://arxiv.org/abs/1205.4007
https://arxiv.org/abs/1901.07979
https://arxiv.org/abs/1702.00766
https://arxiv.org/abs/1708.04962
http://cms.cern.ch/iCMS/analysisadmin/cadilines?line=BPH-18-003&tp=an&id=2045&ancode=BPH-18-003


Datasets & luminosity
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32/29(more details in here or AN-18-284)

nb−1

nb−1

All the datasets
are available as
Open Data!
No need to
stage on disk

https://indico.cern.ch/event/931089/contributions/3915815/attachments/2061761/3458849/CharmBeautyTriggerBPH.pdf
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Low pT tracks in 2010 vs 2011 MinimumBias data
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D∗ pT distribution
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D∗± → D0π± → K∓π±π± selection
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Possible combination:
Right charge: K∓π±π±s
Wrong charge: K∓π∓π±s (combinatorial background)

For higher pT (pD∗T > 3.5 GeV):
(dlD0

Sig > -1 & pD∗T f rac > 0.15 and cosφ > 0.8) or
dlD0

Sig > 2

For lower pT (pD∗T < 3.5 GeV):
((dlD0

Sig > 1.5 & pD∗T f rac > 0.15) or dlD0

Sig > 3
or (dlD0

Sig > 2 and cosφD0 > 0.995)) and
pD0

T f rac > 0.1 and cos φ > 0.8

dxyK < 0.15 or dxyπ < 0.15 or dxyπs < 0.3
(dzK × sin θ) < 0.1 or (dzπ × sin θ) < 0.1 or (dzπs × sin θ) < 0.2

pT f rac = pT of D meson∑
pT of all tracks

at respective PV

optimized for
low pT charm

dlD
0

Sig = dlD
0

dlD
0

err



Signal extraction
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The plots show Nsignal at higher pT . More signal are gain as well as
the background..



∆m = mKππs - mKπ in 50 bins
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∆m peak can be seen in most of the phase space



Nsignal at di�erent phase space
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction

44/29

0.14 0.145 0.15 0.155 0.16 0.165 0.17
 (GeV)πK - m

sππKm

0

20

40

60

80

100

120

140

160

180

200

220

240

E
n
tr

ie
s

right charge wrong charge side band

 32±): 456 ±N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17
 (GeV)πK - m

sππKm

0

20

40

60

80

100

120

140

160

180

E
n
tr

ie
s

right charge wrong charge side band

 32±): 374 ±N(D*

pT :3-4 GeV, |y|:0.0-0.5 pT :3-4 GeV, |y|:0.5-1.0



Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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Nsignal using background substraction
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E�iciency from previous presentation



dca fit fot higher and lower pT region
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dca fit has also been done at higher and lower pT region
to cover all phase space:
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