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Why are we learning all this things? 
² You have been learning a lot of  what CERN is all about, and 

about CERN future: The Science behind 
² How can we use this information? 
ü This morning activity is designed to put together many of  what 

you have learn up to now and work as a Particle Physics 
analysing real data and getting some answers and many more 
questions … 

Ø The most important point is that we will work as a collaborative 
group 



Experimental testing is the key to 
discover and advance knowledge.

New directions in science are launched 
by new improved tools much more 
often than by new concepts.

There is a very close relationship 
between physics discoveries and 
developments in instrumentation: 
Accelerators, Detectors, Electronics and 
Computing

Development of integrated designs is 
carried out in close collaboration with 
physicists, microelectronics experts, 
mechanical/thermal engineers, 
material/micro/nano technology 
scientists…
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Today’s activity is meant for … 
Ø CERN Masterclasses are designed to give  you a brief  passage 

through what analyzing data is all about: 
q At the beginning there will be many, many questions and doubts (So 

you will need some help) Please feel free to make any question. 
q Later you will get more confident and you will get into the “feeling” of  

what we want you to be measure.  
q Later you will be able to analize data very fast … but here is were 

you can stop, and get some time to think about the whole process: 
“The Big Picture”.  This is the very good time to start to think: why 
am I doing all this meassurments? What is this all about? 



Today’s activity is meant for … 
Now we are going to 
work as hadrons: 
ü Since we will work in 

pairs we need to 
choose a “meson” 
team named by:  

quark-antiquark pair 

Any	combina@on	!	
You	can	repeat	



Mesons
• The simplest spin 0 mesons can be organised in a 

nonet, originally called “The eightfold way”  as 
well (because #’ wasn’t found yet)  

• Strangeness +1: K 
Strangeness 0: π, #, #’ 
Strangeness -1: K

Remember that the 
Mesons are organised 

in nonet 



6 15. Quark model

Z

Figure 15.1: SU(4) weight diagram showing the 16-plets for the pseudoscalar (a) and
vector mesons (b) made of the u, d, s, and c quarks as a function of isospin Iz , charm C, and

hypercharge Y = B + S −C
3

. The nonets of light mesons occupy the central planes to which

the cc̄ states have been added.

These mixing relations are often rewritten to exhibit the uū + dd̄ and ss̄ components which
decouple for the “ideal” mixing angle θi, such that tan θi = 1/

√
2 (or θi = 35.3◦). Defining α = θ

+ 54.7◦, one obtains the physical isoscalar in the flavor basis

f ′ =
1√
2
(uū + dd̄) cos α − ss̄ sin α , (15.8)

and its orthogonal partner f (replace α by α –90◦). Thus for ideal mixing (αi = 90◦), the f ′

becomes pure ss̄ and the f pure uū + dd̄. The mixing angle θ can be derived by diagonalizing the
mass matrix

!

m8 m81

m18 m1

"

The mass eigenvalues are mf ′ and mf . The mixing angle is given by

tan θ =
m8 − mf ′

m81
.
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We are going to concentrate 
our work on: 



It does not matter wich 
experiment we are 
going to use, what 

matters is that we will 
“look” for the 

fingerprints of  particles 
that decay inside a 

detector 

Today	you	will	be	a	
Experimental	
Par@cle	Physics	



Salvador Carrillo Fabiola Vázquez 





Invarian mass GeV/c2 

We	do	have	“clean”	events	in	CMS	
§  What	are	the	excess	seen	in	this	mass	histogram	
§  Can	you	find	the	J/Psi?	Upsilon?		Z0?	

§  Any	other?	
§  What	about	the	Higgs?	

Actual	data	taken	in	S’Cool	LAB	@	CERN	2017	
Excellent	work	students	!	



§  Is	there	a	preference	Electrons	vs	Muons	in	Nature?	
§  How	many	Higgs	candidates	you	found?	
§  What	is	the	ra@o	of	W+	vs	W-	and	why?	
§  What	can	we	do	with	the	Zoo	events?	

Actual	data	taken	in	S’Cool	LAB	@	CERN	2017	
Excellent	work	students	!	



Thanks	for	your	@me	…	



BACKUP	
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Figure 15.4: SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The 20-plet
with an SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

well established up to the N=1 band. Some more tentative assignments for higher multiplets are
suggested in Ref. 25.

In Table 15.6, quark-model assignments are given for many of the established baryons whose
SU(6)⊗O(3) compositions are relatively unmixed. One must, however, keep in mind that apart
from the mixing of the Λ singlet and octet states, states with same JP but different L,S
combinations can also mix. In the quark model with one-gluon exchange motivated interactions,
the size of the mixing is determined by the relative strength of the tensor term with respect to the
contact term (see below). The mixing is more important for the decay patterns of the states than
for their positions. An example are the lowest lying (70, 1−1 ) states with JP =1/2− and 3/2−. The
physical states are:

|N(1535)1/2−⟩ = cos(ΘS)|N2PM1/2−⟩ − sin(ΘS)|N4PM1/2−⟩ (15.26)
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         http://physicsworld.com/blog/Baryons%20Fermilab.jpg


