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Fig. 1: Values of 2
hNparti hdNch/dhi for central Pb–Pb [4–7] and Au–Au [8–12] collisions (see text) as a function

of
p

sNN. Measurements for inelastic pp collisions and pp collisions as a function of
p

s are also shown [26–28]
along with those from non-single diffractive p–A and d–A collisions [29, 30]. The s-dependence, proportional
to s

0.155
NN for AA collisions is indicated by a solid line: similarly a dashed line shows an s

0.103
NN dependence in pp

collisions. The shaded bands show the uncertainties on the extracted power-law dependencies. The central Pb–Pb
measurements from CMS and ATLAS at 2.76 TeV have been shifted horizontally for clarity.

b = 0.155±0.004. It is a much stronger s-dependence than for proton–proton collisions, where a value
of b = 0.103± 0.002 is obtained from a fit to the same function [28]. The fit results are plotted with
their uncertainties shown as shaded bands. The result at

p
sNN = 5.02 TeV confirms the trend established

by lower energy data since b is not significantly different when the new point is excluded from the fit.
It can also be seen in the figure that the values of 2

hNparti hdNch/dhi measured by ALICE for p–Pb [25]
and PHOBOS for d–Au [11] collisions fall on the curve for proton–proton collisions, indicating that the
strong rise in AA is not solely related to the multiple collisions undergone by the participants since the
proton in p–A collisions also encounters multiple nucleons.

The centrality dependence of 2
hNparti hdNch/dhi is shown in Figure 2. The point-to-point centrality-

dependent uncertaintes are indicated by error bars whereas the shaded bands show the correlated con-
tributions. The statistical uncertainties are negligible. The data are plotted as a function of hNparti and
a strong dependence is observed, with 2

hNparti hdNch/dhi decreasing by a factor 1.8 from the most central
collisions, large hNparti, to the most peripheral, small hNparti. There appears to be a smooth trend towards
the value measured in minimum bias p–Pb collisions [25]. The data measured at

p
sNN = 2.76 TeV

[4, 26] are also shown, scaled by a factor 1.2, which is calculated from the observed s
0.155 dependence of

the results in the most central collisions, and which describes well the increase for all centralities. Given
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Homework 21.05.2021

A) Download the code Scan_cross_section_vs_sqrt_s.C. The code contains the 
scanned data of 𝜎tot vs √s from pp collisions as shown in the lecture. Write a 
“brute force” minimization to perform a 𝜒2 fit to the data with the function given 

in the lecture: . The function with fixed parameters “𝜀” and 
"𝜀’” is already given in the code.


B) Perform a standard ROOT fit independent from the brute force method.  An 
example is given in your ROOT/tutorials/fit/fithist.C.


C) You will soon realize that the given parameter of 𝜀 is not optimal and both fit 
methods don’t converge perfectly. Modify 𝜀 to get a better fit. Do that either 
manually or by adding 𝜀 as a fit parameter to any of the two methods.


D) In many cases data from papers and books isn’t directly available to you. A way 
to get the data is to scan it. For this, one can use the easy-to-use program 
“xyscan”. xyscan software, available for Mac, Linux and Windows: https://
rhig.physics.yale.edu/~ullrich/software/xyscan/. Install the software, scan the 
data on the right hand side figure (two graphs). 


E) Fit the data with the function shown in the figure. Use a method of your choice 
for fitting, e.g. brute force, ROOT fit. 

�tot = Xs✏ + Ys✏
0

Hint A: “Brute force” minimization: Step through the parameters "X” 
and “Y” from the function in a certain range with some step size. For 
every step calculate the 𝜒2. Store always the best parameters with 
the smallest 𝜒2. For simplicity you can also ignore the error 𝜎 in that 
case.
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