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PART 1 : Differential production cross section for prompt 𝑫𝟎 (and #𝑫𝟎 ) mesons with CMS data 

PART 2 : Comparison of ALICE and CMS data for this production cross section: study of a possible discrepancy
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PART 1 : Differential production cross section for prompt 𝑫𝟎 (and #𝑫𝟎 ) mesons with CMS data 

In this first part of the exercise we want to reproduce this
typical differential production cross section plot as example
to learn the use of TGraphErrors and TGraphAsymErrors.

Specifically this plot is in upper Fig.5 
of  https://arxiv.org/abs/2107.01476
published in JHEP 11 (2021) 225.

We will reproduce the plot doing a comparison only with 
FONLL theoretical predictions (not PYTHIA)
Also we will sum in quadrature statistical and systematical 
uncertainties in each bin.

https://arxiv.org/abs/2107.01476
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We obtain this plot….

… with the following code (file cms_D0_xsec.C)
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In the CMS paper JHEP 11 (2021) 225 there is a comparison 
with an older ALICE result at 7TeV [EPJ C 77 (2017) 550] 

Part 1.2 Comparison with ALICE results (Fig.8, upper/right/b)
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For an effective comparison the results have to be scaled (one to the 
other; for instance the CMS one to the ALICE one which is more central: 
the approx. scaling factor to apply is 8.4, to both data and FONLL 
predictions, in order to take into account the different (pseudo-)rapidity
regions). 

Further difference comes from the different center-of-mass energy (13TeV 
vs 7TeV)!

While CMS draft paper (arXiv:2107.01476) was being submitted also ALICE 
had very recently submitted a draft paper (arXiv:2106.08278) - later 
published as Phys. Rev. Lett. 128 (2022) 012001 - with the same 
measurement for D0 mesons but at 13TeV.
At this point the two collaborations setup a comparison to check if results 
were compatible or not. This is discussed in the next slides.
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PART 2 : Comparison of ALICE and CMS data for this production cross section: study of a possible discrepancy

For a visual comparison a flat scaling (factor 8.4) is applied at the beginning: 

CMS data scaled by 8.4
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However to make a direct comparison we need to be rigorous as discussed in the following steps.
As an exercise we try to reproduce here with a good approximation the direct comparison that was done in 2021.

Step-0)

Flat scaling between |𝜂| < 2.1  and |y|< 0.5 is not fully correct 
since there is a (small) pT dependence (derived from FONLL)!

Step-1)

Identify the bins where both experiments have results (with enough statistics per bin):
4-5, 5-6, 6-7, 7-8 , 8-12, 12-24GeV

The data can be ordered in this table (for simplicity asymmetric uncertainties are “symmetrized”):

pT - interval bin center and width

4-5

5-6

6-7
7-8
8-12

12-24

4.5

5.5

6.5
7.5

10.0 2.0

0.5

0.5

0.5

0.5

18.0 6.0

430.24 ± 69.40 38.64./.012/./3
#CMS #ALICEscale factor

7.81±0.38

230.12 ± 26.40

135.85 ± 16.19
65.71 ± 10.18
20.97 ± 2.05
1.85 ± 0.23 7.60±0.37

7.83±0.35

7.82±0.325

7.81±0.31
7.76±0.295

18.91.7.3727.18

10.67.7.7927.99

6.13.9.0:29.;<

2.155.9.8829.89

0.25.9.9/29.9/
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Step-2) Scale CMS data according to the formulas: 

#CMS-scaled = #𝑪𝑴𝑺
𝑺𝑭

𝝈𝑪𝑴𝑺.𝒔𝒄𝒂𝒍𝒆𝒅 =
#𝑪𝑴𝑺
𝑺𝑭

J
𝝈𝑪𝑴𝑺
#𝑪𝑴𝑺

𝟐
+

𝝈𝑺𝑭
𝑺𝑭

𝟐

Step-3) For simplicity simmetrize the ALICE error by simple arithmetic mean: 𝝈 =
𝝈2 + 𝝈.

𝟐

Step-4) Two approaches are possible : the multiplicative and the additive

The multiplicative is not suitable as discussed in the next slide: 

considering the ALICE/CMS or CMS/ALICE ratios brings to a different results [*] for each bin (see example)

and the choice of one or of the other would be arbitrary!

Thus we prefer the additive approach for the comparison of the two experimental results! (see next-to-next slide)

[*] The fact that error propagation gives different results according to the ratio order is not surprising since the uncertainties are not really multiplicative !
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To be explicit, by multiplicative approach we mean:

Ratio ALICE/CMS :

Ratio CMS/ALICE :

𝑅 =
𝐴
𝐶

𝑅′ =
𝐶
𝐴

CMS :

ALICE :

𝐶 ± 𝜀R

𝐴 ± 𝜀S

includes the uncertainties : stat., syst., scaling error

includes the uncertianties : stat., syst., lumi (a posteriori).

𝜀T =
𝜕𝑅
𝜕𝐴

8

𝜀S8 +
𝜕𝑅
𝜕𝐶

8

𝜀R8 = ⋯ = 𝑅 J
𝜀S8

𝐴8 +
𝜀R8

𝐶8

𝜀TW =
𝜕𝑅′
𝜕𝐴

8

𝜀S8 +
𝜕𝑅′
𝜕𝐶

8

𝜀R8 = ⋯ = 𝑅′ J
𝜀S8

𝐴8 +
𝜀R8

𝐶8

Example: bin 6-7GeV :

𝐶 = 17.40 ± 2.20

𝑅 =
𝐴
𝐶
≅ 0.61

𝑅W =
𝐶
𝐴 ≅ 1.63

𝜀T ≅ 0.61 J 0.16 ≅ 0.10

𝜀TW ≅ 1.63 J 0.16 ≅ 0.26

(TOT err)

(TOT err ’)

𝐴 = 10.67 ± 1.05

Sigma ALICE/CMS :

Sigma CMS/ALICE : 𝜎′ = |7.T[|
\][

= |7.TW|
TW

J \^
_

S_
+ \`

_

R_

.7/8
= 7

TW
− 1 J … .d_ = |R − 1| J … .d_

𝜎 = |7.T|
\]

= |7.T|
T

J \^
_

S_
+ \`

_

R_

.d_
= 7

T
− 1 J … .d_ 𝜎 = 7.9.07

9.79
≅ 3.9

𝜎′ = 7.7.0/
9.80

≅ 2.4
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Step-5) Additive approach:

Consider the difference |#CMS_scaled-#ALICE| to be compared with 1; 
its uncertainty is simply:  

|#𝑪𝑴𝑺_𝒔𝒄𝒂𝒍𝒆𝒅 − #𝑨𝑳𝑰𝑪𝑬|
#𝑪𝑴𝑺_𝒔𝒄𝒂𝒍𝒆𝒅

𝜎klmm = 𝜎#Rno_pqrstk8 + 𝜎#SuvRw8

Deviation from 1 is obtaned by dividing the difference by the uncertainty
and the descrepancy would be given in units of sigmas. 

Alternatively one can consider the #CMS as normalization and compare the normalized difference with 0, 
… considering the uncertainty as 𝜎klmm

#𝐶𝑀𝑆_𝑠𝑐𝑎𝑙𝑒𝑑

Using this approach we obtain reasonable significance values of discrepancy!

It can be checked (as exercise) that these values lie in between the values obtained by the two ratios in each bin
(considering |1-R| and comparing it to 0 with uncertainty 𝜎Tfor the two different ratios, ALICE-CMS & CMS-ALICE). 

(thus also uncertanty is normalized)
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