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Intro

Intro

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)

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
Today (double di�erential D∗σ 7 TeV):

Datasets and luminosity (new)
D∗± selection
Signal yield
Refit of πs (new)
Migration plot (new)
E�iciency and acceptance
FONLL prediction (new)
σ as a function of pT and y
Partial systematics (new)
Conclusion and outlook
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(more details in here or AN-18-284)

https://indico.cern.ch/event/931089/contributions/3915815/attachments/2061761/3458849/CharmBeautyTriggerBPH.pdf
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D∗± selection

D∗± → D0π± → K∓π±π± selection
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Track pT cut
pK,π
T > 0.5 GeV, none for πs

D0 mass cut (1.836-1.892) GeV
Possible combination:

Right charge: K∓π±π±
s

Wrong charge: K∓π∓π±
s (combinatorial background)

For higher pT (pD∗
T > 3.5 GeV):

(dlD
0

Sig > 0 & pD∗
Tfrac > 0.15 and cosφ > 0.8) or

dlD
0

Sig > 2

For lower pT (pD∗
T < 3.5 GeV):

((dlD
0

Sig > 1.5 & pD∗
Tfrac > 0.15) or

dlD
0

Sig > 3 or (dlD
0

Sig > 2 and cosφD0 > 0.995)) and

pD0

Tfrac > 0.1 and cos φ > 0.8

pTfrac = pT of D meson∑
pT of all tracks

at respective PV

optimized for
low pT charm

dlD0

Sig = dlD
0

dlD
0

err



Signal yield

Signal yield
binning slightly adjusted

refit of slow pion
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Signal yield D0 from D* mass cut

D0 from D* mass cut
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partial
reconstruction
reflection D0
see here

pT > 3.5 GeV

https://indico.cern.ch/event/928594/contributions/3909798/attachments/2057502/3450662/PileupPhysicsmaterialforBPH.pdf
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Background subtraction method (Nsub)
- Normalize wrong charge (WC) sign
to the right charge sign in the side bands
to get the scale factor (SF = 1.096)
- Use the SF to normalize WC sign in
signal band
- Substract right charge sign to the
normalized wrong charge to get Nsignal

pT > 3.5 GeV
Nsignal = Nsub



Signal yield Refit πslow
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- Refit of πslow gives
be�er signal to
background ratio.
- Width is narrower

pT > 3.5 GeV pT > 3.5 GeV



Signal yield ∆mr at lower and higher pT region

∆mr at lower and higher pT region
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pT > 3.5 GeVpT < 3.5 GeV

Wrong charge× 1.05 Wrong charge× 1.08

The number of signal is determined using background subtraction method



Signal yield ∆mr in 50 bins

∆mr in 50 bins

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

s

ππKm

0

5

10

15

20

25

30

35

40

45

 16±): 61 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

30

35

40
 14±): 14 

±
N(D*

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

s

ππKm

0

5

10

15

20

25

30

35

 10±): 17 
±

N(D*

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

s

ππKm

0

5

10

15

20  8±): 8 
±

N(D*

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

s

ππKm

0

1

2

3

4

5

6
 3±): 2 

±
N(D*

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

s

ππKm

0

20

40

60

80

100
 26±): 249 

±
N(D*

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

s

ππKm

0

10

20

30

40

50

60

70

80

90
 23±): 166 

±
N(D*

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

s

ππKm

0

10

20

30

40

50

60  18±): 59 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

30

35
 12±): 24 

±
N(D*

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

s

ππKm

0

2

4

6

8

10  5±): -9 
±

N(D*

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

s

ππKm
0

50

100

150

200

250
 34±): 519 

±
N(D*

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

s

ππKm
0

20

40

60

80

100

120

140

160

180

 30±): 368 
±

N(D*

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

s

ππKm

0

10

20

30

40

50

60

70

80

90  25±): 152 
±

N(D*

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

s

ππKm

0

10

20

30

40

50

 15±): 51 
±

N(D*

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

s

ππKm

0

2

4

6

8

10

12
 5±): 15 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

50

100

150

200

250  32±): 609 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

20

40

60

80

100

120

140

160
 28±): 355 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

10

20

30

40

50

60

70

80  23±): 167 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

5

10

15

20

25

30

35

40

45

 15±): 69 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

2

4

6

8

10

12

14  5±): 5 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

20

40

60

80

100

120

140  22±): 353 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

20

40

60

80

100  20±): 289 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

10

20

30

40

50
 16±): 120 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

5

10

15

20

25

 11±): 54 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

2

4

6

8

10

 4±): 6 
±

N(D*

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

s

ππKm

0

20

40

60

80

100

 17±): 228 
±

N(D*

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

s

ππKm

0

10

20

30

40

50

60

70
 15±): 189 

±
N(D*

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

s

ππKm

0

5

10

15

20

25

30

35
 11±): 92 

±
N(D*

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

s

ππKm

0

2

4

6

8

10

12

14  8±): 28 
±

N(D*

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

s

ππKm

0

1

2

3

4

5

6
 4±): -1 

±
N(D*

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

s

ππKm

0

10

20

30

40

50

60

 13±): 139 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

30

35

40

45  11±): 108 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

 8±): 57 
±

N(D*

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

s

ππKm

0

2

4

6

8

10

12

14

16  6±): 20 
±

N(D*

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

s

ππKm

0

1

2

3

4

5

 2±): 3 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

30

35

40

45

 10±): 94 
±

N(D*

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

s

ππKm

0

5

10

15

20

25

30

35

 9±): 77 
±

N(D*

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

s

ππKm

0

2

4

6

8

10

12

14

16  7±): 40 
±

N(D*

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

s

ππKm

0

2

4

6

8

10

 6±): 26 
±

N(D*

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

s

ππKm

0

1

2

3

4

5

 2±): 3 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

5

10

15

20

25

30

35
 8±): 61 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

5

10

15

20

25  7±): 49 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

2

4

6

8

10

12

14  6±): 33 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

1

2

3

4

5

6

7

8  4±): 8 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

1

2

3

4

5

 2±): 2 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

10

20

30

40

50

60  13±): 146 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

10

20

30

40

50
 11±): 110 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

5

10

15

20

25

30  9±): 88 
±

N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

2

4

6

8

10

12
 7±): 41 

±
N(D*

0.14 0.145 0.15 0.155 0.16 0.165 0.17

 (GeV)πK - m
s

ππKm

0

1

2

3

4

5

6
 3±): 9 

±
N(D*

Zulaiha (DESY) D∗ σ at 7 TeV 2010 July 10, 2020 12 / 32
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2 × more statistics compared to results in previous status report

∆mr peak can be seen in most of the phase space



Signal yield ∆mr in 50 bins

∆mr in 50 bins
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The red boxes pick examples shown on the next



Signal yield ∆mr at di�erent phase space
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Signal yield Migration plot for D* in D0 → Kπ MC

Migration plot for D* in D0 → Kπ MC
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Signal yield Nsignal table in data

Nsignal table in data
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E�iciency & acceptance

E�iciency & acceptance

Branching ratio (BR) from PDG 2020:

D∗ → D0π = 0.677 ± 0.005
D0 → Kπ = 0.0395 ± 0.0003

Acceptance: 0.0267 ± 0.00028
(BR D∗ →D0Kπ * BR D0 → Kπ)
Detector e�iciency

Nreco&true
Ntrue
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E�iciency & acceptance E�iciency table
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E�iciency decreases when rapidity go higher but increases as pT go higher



FONLL prediction for prompt D*

FONLL prediction for prompt D* (Josry)

FONLL is a NLO+NLL theory prediction that calculates heavy quark
production folded with fragmentation (charm)

This prediction is used at pp collider 7 TeV with cuts every 1 GeV pT and 0.5 |y|

PDF used: NNPDF30_nlo_as_0118
Charm fragmentation fraction:

f(c → D∗) = 0.236
Uses relevant moment of fragmentation function extracted from LEP data
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Cross section as a function of pT & |y|

Cross section as a function of
pT & |y|

(statistical uncertainty only)
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Cross section as a function of pT & |y|

σ as a function of pT
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Cross section as a function of pT & |y|

σ as a function of pT
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Cross section as a function of pT & |y|

double di�erential σ as a function of pT
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Cross section as a function of pT & |y|

σ as a function of |y|
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Cross section as a function of pT & |y|

σ as a function of |y|
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Cross section as a function of pT & |y|

σ as a function of |y|
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Cross section as a function of pT & |y|

double di�erential σ as a function of |y|
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Systematic uncertainties

Systematic uncertainties
(very preliminary)
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Systematic uncertainties

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)
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Conclusion and outlook

Conclusion and outlook

Conclusion
The analysis is performed using 7TeV 2010 datasets (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
Refit of πs gives be�er signal to background ratio
The detector e�iciency to reconstruct D∗ → Kππ in D0 → Kπ MC reaches ∼60%
at high pT and low |y| and is non-zero down to pT > 1 GeV
The upper edge of the FONLL theory band is an agreement with the data (as in all
other existing measurements)
The result for the 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

Outlook
There is an ongoing further e�iciency improvement especially at lower pT and
higher |y|. See backup
c/b separation ongoing
Calculation of total cross section from double di�erential cross section soon
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Backup

Backup
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Introduction overview

Introduction overview

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
So far, only parts of phase space are measured at LHC
CMS + LHCb together can cover essentially full phase space of σtot

cc̄
Challenge: Acceptance of D mesons at low pT

Zulaiha (DESY) D∗ σ at 7 TeV 2010 July 10, 2020 32 / 32

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:1111.1553v3

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

Goal:
Measure D mesons
down to pT 1 GeV

σtot
cc̄ 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/1111.1553
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
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Analysis strategy in general
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Data Zero Bias 13 TeV event display

It shows several primary vertices in an event

1 out of 10 vertices is expected to be charm vertex

We use all primary vertices for our analysis!



D∗ reconstruction

D meson reconstruction
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D∗ reconstruction Illustration of D∗± decay
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MB 2010 Data



Migration plot for D* phi in D0 → Kπ MC

Migration plot for D* phi in D0 → Kπ MC
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∆mr at di�erent phase space

∆mr at di�erent phase space
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Nreco match true
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Improvement in the e�iciency

Improvement in the e�iciency (ongoing work)
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Migration plot for D* pT in D0 → Kπ MC

Migration plot for D* pT in D0 → Kπ MC (new selection cut)
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