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[bookmark: _Toc450047467]Introduction / Demonstrator Identity
[bookmark: _Toc450047468]Subject Domain
High Energy Physics at CERN
[bookmark: _Toc450047469]Type of Activity
In school student activity through which students are introduced to the science behind the study of the Quark Gluon Plasma as it is conducted by the ALICE experiment at CERN. Students learn about CERN and investigate: strangeness enhancement, one of the most important signatures of the Quark Gluon Plasma formation, using interactive online tools to analyze real collision data. 
[bookmark: _Toc450047470]
Duration
6 hours
[bookmark: _Toc450047471]Setting (formal / informal learning)
Formal and informal
[bookmark: _Toc450047472]Effective Learning Environment
· Simulations aiming to enable the visualization of theoretical models and facilitate inquiry-based experimentation
· Dialogic space / argumentation aiming to engage students in argumentation and dialogic processes for a better insight into the nature of scientific enquiry and the ways in which scientists work
· Experimentation (Science laboratories and eScience applications) aiming to enhance students’ physical and intellectual interaction with instructional materials through 'hands-on' experimentation and 'minds-on' reflection.
· Visits to research centres (virtual/physical)aiming to connect the science classroom with research infrastructures, addressing the enhancement of informal learning settings.


[bookmark: _Toc450047473]Rational of the Activity / Educational Approach
· Becoming a scientist for one day to participate in modern scientific research
· Employ creativity and teamwork to analyze and communicate scientific results with the general public in an artful fashion. 

[bookmark: _Toc450047474]Challenge 
In order to understand Nature and the Laws governing our Universe, Modern Science has developed tools and techniques of sophistication far beyond the reach of school curricula. Modern discoveries are able to answer questions such as “What are we made of?”, “What is the nature of mass?”, “How did the Universe look like during its infancy”, which were once in the realm of Philosophy and speculation. Today, these questions can be quantified and answered in cutting edge experiments, thus expanding the boundaries of human comprehension far beyond our everyday practice. In order to organize and conduct the experiments needed to verify such hypotheses, scientists form international collaborations consisting of thousands of scientists and engineers and build gigantic research infrastructures dedicated to the pursuit of fundamental knowledge.     Such an international, multicultural research infrastructure is CERN, with experiments ran by thousands of scientists aiming to discover the most fundamental laws of the Universe with unprecedented accuracy.
Students are exposed to these scientific breakthroughs through media such as TV, newspapers, blogs or social media. However, the knowledge and skills needed to be able to comprehend the science behind these discoveries, are far beyond the reach of the school curricula. As a result, dedicated outreach activities have been developed by leading organizations involved in scientific research, science education and outreach, in order to bring students in touch with modern scientific research culture, demonstrate to them cutting edge scientific achievements and cultivate the skills needed in order the students to become ‘little researchers’ and explore on their own the fascinating world of modern science.
In this framework, the “ALICE Experiment at LHC” demonstrator, connects students with fundamental research taking place in one of the 4 large experiments of the LHC complex at CERN, ALICE, which reproduces and studies the state of the Universe at a tiny fraction of a second after the Big Bang: The Quark Gluon Plasma.
Students learn about the research done at CERN and by working in teams, they explore and analyse real scientific data and search for the Signatures of Quark Gluon Plasma in the ALICE detector. To provide them with an inspiring experience, students connect live with a scientist at CERN and discuss their results and questions. Finally students employ their creativity and communicate their results and ideas in an artful fashion. 
[bookmark: _Toc450047475]Added Value
· Students learn about cutting edge research at CERN and become part of it by analyzing real LHC data.
· Students work in teams to analyze and present their results. 
· Students learn Physics within and beyond their school curricula and thus get inspired on science in general. 
· Students discuss in real time with scientists working at CERN 
· Students learn how to communicate their results in an artful fashion by employing their creativity to create a video. 
· Development of analytical thinking.



[bookmark: _Toc450047476]Learning Objectives 
Students become ‘young researchers’ and explore cutting edge physics from their school laboratory. 
The learning objectives of this demonstrator are:
1. The students to Understand what Quark Gluon Plasma is.
2. The comprehension that through a high energy particle collision, students can study the Universe at its infancy.
3. Students have learnt about the conservation of momentum and energy in classical settings and now they are asked to employ them to understand data produced by subatomic particle collisions.
4. Students learn about the internal structure of matter  and the importance of fundamental particles such as strange particles, which are not part of our everyday world, in understanding the structure and the Laws of the Universe at its infancy.
[bookmark: _Toc450047477]Domain specific objectives
The students will learn about the ultimate structure of matter and its behavior under extreme conditions as they can be probed through heavy ion collisions. They will learn about Quark Gluon Plasma, the primordial substance in which quarks and gluons roamed unconfined, which existed in the Universe during the first microsecond after the Big Bang when the temperature was of the order of 1 trillion Kelvin. They explore the world of strange quarks and analyze real ALICE data to identify strange particle decays. 
[bookmark: _Toc450047478]General skills objectives
Students will learn to apply their knowledge and analytical skiils to identify the strange particles produced during heavy ion collisions through their decay patterns. Through this, they will be able to learn and review curriculum based science such as the bending of charged particle tracks in magnetic fields. Furthermore, students will learn how to collaborate in order to produce high quality scientific results and combine them to comprehend the science behind the task at hand.Furthermore, students will employ their creativity and use their imagination in order to produce a video displaying the route from the theoretical conception of the idea of the existence of Quark Gluon Plasma to the experimental study of it.
 

[bookmark: _Toc450047479]Demonstrator characteristics and Needs of Students
[bookmark: _Toc450047480]Aim of the demonstrator
This demonstrator is a hands-on activity aiming to introduce the scientific culture of large research infrastructures such as CERN to students. Students investigate real particle collision data, conduct analysis and identify the physics principles behind cutting edge scientific discoveries. 
Students discuss with renowned scientists through online web conferences. 
Finally, students communicate their results and reflect on the process of scientific inquiry they used employing their creativity integrating art in their classroom practice. 



[bookmark: _Toc450047481]Student needs addressed
The students involved in this activity need to have basic knowledge of the principle of conservation of energy and momentum and its applications in collisions. Basic knowledge in the structure of phenomena related to special relativity as well as the structure of matter are desired. Students will work on PC’s using the Virtual ALICE tool, therefore basic computer skills are required. Finally, students need to create a motivational video to present their results and communicate and reflect on the scientific inquiry they performed, therefore basic artistic intuition and group work are also needed. The exercise can be addressed by 16-18 year old students.


[bookmark: _Toc450047482]Learning Activities & Effective Learning Environments 

1. Question-eliciting activities
· Introductory material addressing the basic needs of the exercise will be offered to the students to explore before the beginning of the exercise. 
· Lecture about elementary particles, CERN, LHC and heavy ion collisions at the ALICE experiment will be delivered by experts.
· Discussion/question/answer session with the students and teachers and experts.

1. 
Active investigation
· Introduction to the software that will be used. 
· LHC interactive event analysis focusing on strange particle identification.
· Video conference with CERN expert at the ALICE experiment control room.
· Creation of a video communicating their results and reflecting on the inquiry procedure students used during their investigation.

More Specifically:
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· Students will be introduced to the scientific culture of large research infrastructures such as CERN and use the scientific inquiry as real High Energy Physicists do. Finally, they will reflect on their activities through creativity enhanced artful interventions. 
	[image: ]                      CREATIONS  has received funding from the European Commission HORIZON2020 Programme
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	Science topic:  High Energy Physics/Nuclear Physics.
Class information
Year Group: 
Age range: 16-18
Sex: both
Pupil Ability: Basic computer usage required
	Materials and Resources: A computer laboratory with one pc for each student or group of 2 students. Virtual machine to install the ALICE analysis tool, or Linux software. A projector. Internet connection. Android or PC application to create a video.

Where will the learning take place? On site or off site?  In several spaces? (e.g. science laboratory, drama space etc), or one?   In a computer laboratory and a classroom.
Health and Safety implications?  None
Technology?  
Teacher support? The teacher will provide the students with preliminary material and is advised to discuss with them before the beginning of the activity. The relevant material can be found in this online virtual community:  http://portal.opendiscoveryspace.eu/community/alice-experiment-cern-848059 


	Prior pupil knowledge: 
The students involved in this activity need to have basic knowledge of the principle of conservation of energy and momentum and its applications in collisions. Basic knowledge in the structure of phenomena related to special relativity as well as the structure of matter are desired

	Individual session project objectives (What do you want pupils to know and understand by the end of the lesson?)
The aim of this intervention is for the students to understand how scientists analyze real experimental data of heavy ion collisions to infer the existence of Quark Gluon Plasma and study its properties. They will learn about the signatures of Quark Gluon Plasma in a Particle Detector Such as ALICE and understand the procedure of data analysis using real LHC data.



	Assessment

	Differentiation
How can the activities be adapted to the needs of individual pupils?

	Key Concepts and Terminology
Heavy ion collision, Data Analysis, Invariant mass calculation, strange particles, Quark Gluon Plasma Formation, interview to a scientist
Science terminology:
Heavy ion collision, Data Analysis, Invariant mass calculation, strange particles, Quark Gluon Plasma Formation
Arts terminology:
Graphic display of particle collisions, Video design

	Session Objectives: 
In the framework of this demonstrator, students will analyze data from the ALICE experiment at CERN regarding the experimental signatures of Quark Gluon Plasma Formation. Concluding  their activity, students should be able to describe what happens during a heavy ion collision at CERN and discuss the strange particles enhancement experimental signature of QGP. In the end of the activity, students will create a motivational video communicating the findings of their analysis and reflecting on the scientific inquiry method employed by scientists at CERN.

The link to the online activity can be found here:
http://portal.opendiscoveryspace.eu/edu-object/alice-experiment-cern-848313 

The link to the ALICE Experiment Online community with the relevant resources and guidelines can be found here: 
http://portal.opendiscoveryspace.eu/search-resources-in-community/848059 

	Learning activities in terms of CREATIONS Approach

	IBSE Activity
	Interaction with CREATIONs Features
	Student
	Teacher
	Potential arts activity

	Phase 1:
QUESTION: students investigate a scientifically oriented question
	Students pose, select, or are given a scientifically oriented question to investigate. Balance and navigation through dialogue aids teachers and students in creatively navigating educational tensions, including between open and structured approaches to IBSE. Questions may arise through dialogue between students’ scientific knowledge and the scientific knowledge of professional scientists and science educators, or through dialogue with different ways of knowledge inspired by interdisciplinarity and personal, embodied learning.  Ethics and trusteeship is an important consideration in experimental design and collaborative work, as well as in the initial choice of question 
	Students get introduced to key concepts and ideas in elementary particle physics and particle collisions, with specific focus on the production of Quark Gluon Plasma and its detection by the ALICE experiment at CERN. 

	Teachers make sure that they have a computer lab with internet connection and a projector. In order to install the software needed to facilitate the students’ investigation, teachers should follow the guidelines presented here: 
http://portal.opendiscoveryspace.eu/edu-object/alice-experiment-cern-teacher-guidelines-848368 


Teachers have already provided introductory material to the students :
 http://portal.opendiscoveryspace.eu/edu-object/particle-adventure-848306 

 http://portal.opendiscoveryspace.eu/edu-object/alice-and-soup-quarks-and-gluons-848065 

They should have also already reviewed fundamentals of classical collisions in the classroom as well as done some brief introduction to special relativity and especially the mass energy relationship of Einstein: 
https://youtu.be/Xo232kyTsO0 
	

	Phase 2: 
EVIDENCE: students give priority to evidence
	Students determine or are guided to evidence/data, which may come from individual, collaborative and communal activity such as practical work, or from sources such as data from professional scientific activity or from other contexts. Risk, immersion and play is crucial in empowering pupils to generate, question and discuss evidence.
	The students explore the most fundamental signatures of Quark Gluon Plasma formation in the LHC: The enhancement of strange particles. They learn about the strange particle decays and learn how ALICE scientists visualize this decays and analyze them to find out the parent particle from which the decay particles were produced through the invariant mass calculation.
	
	

	Phase 3: 
ANALYSE: students analyse evidence
	Students analyse evidence, using active investigation and dialogue with each other and the teacher to support their developing understanding.
	 The students use the ALICE Online visualization tool to explore strange particle production in proton-proton collisions at CERN. They work in groups and identify the parent strange particle according to the decay particles topology and invariant mass. Finally they save their results. After that the students combine their results to a common folder which is offered to the teacher. 
	The teachers, having already ensured the proper functionality of the technical infrastructure, closely monitor and guide students throughout their exercise. Students should work in groups of 2-3 per computer.
After the analysis is completed, the teacher takes the data of the students via usb and combines them following the activity guidelines. The final histograms are displayed on the projector by the teacher.  
	

	Phase 4:
EXPLAIN: students formulate an explanation based on evidence
	Students use evidence they have generated and analysed to consider possibilities for explanations that are original to them. They use argumentation and dialogue to decide on the relative merits of the explanations they formulate, playing with ideas.  
	The students summarize their results and discuss among them and with the teacher the combined data distributions. They mention the obstacles and the difficulties they had in strange particle decay identification.
Finally, students watch the video of how a large scale analysis using strange particle decays produced in heavy ion collisions is conducted and what are the potential outcomes. 
	The teacher should help students interpret the histograms and discuss their relevant attributes.
	

	Phase 5:
CONNECT: students connect explanations to scientific knowledge
	Students connect their explanations with scientific knowledge, using different ways of thinking and knowing (‘knowing that’, ‘knowing how’, and ‘knowing this’) to relate their ideas to both disciplinary knowledge and to interdisciplinary knowledge to understand the origin of their ideas and reflect on the strength of their evidence and explanations in relation to the original question.
	The students make a video-conference with an ALICE Scientist and discuss their findings, the ALICE experiment and the Quark Gluon Plasma Physics.

	Teachers take care of the technical requirements needed to conduct the live video-conference. They make sure that they have made a good summary of the students’ questions before the videoconference.
	

	Phase 6:
COMMUNICATE: students communicate and justify explanation
	Communication of possibilities, ideas and justifications through dialogue with other students, with science educators, and with professional scientists offer students the chance to test their new thinking and experience and be immersed in a key part of the scientific process. Such communication is crucial to an ethical approach to working scientifically.
	Students organize in small groups and coordinate their results as well as further material to create a video which demonstrates:
1. Their experience after interviewing a scientist and following the path real researchers do in a large scientific infrastructure to understand how Nature works.


2. The scientific inquiry procedure they followed to understand the Quark Gluon Plasma detection at CERN.
3. Their analysis’ results.

The videos should be no longer than 1 minute. The target audience will be the general public, thus the students should not speak technically, but in a more generic way.
	Teachers help students employ their creativity and summarize their results in a motivational video in which they speak of their experience and convey their excitement to the viewer.
	Students may use drawings, photo or video collages, handmade exhibits to aid them communicate their experience.

	Phase 7:
REFLECT: students reflect on the inquiry process and their learning 
	Individual, collaborative and community-based reflective activity for change both consolidates learning and enables students and teachers to balance educational tensions such as that between open-ended inquiry learning and the curriculum and assessment requirements of education.
	Students produce their videos and watch them in the classroom 
Students answer some questions on the Physics of strange particle decays as well as their active participation in the scientific research process.
	Teachers facilitate the procedure of learning data acquisition from the students’ discussions.
	




[bookmark: _Toc450047483]Additional Information
http://portal.opendiscoveryspace.eu/community/alice-experiment-cern-848059 
[bookmark: _Toc450047484]Assessment 

The student knowledge, motivation and creativity will be monitored using dedicated evaluation questionnaires.  


[bookmark: _Toc450047485]Possible Extension
After having obtained the desired knowledge and analytical skills, students can engaged in Large Scale Analysis procedure followed by the ALICE Masterclass. In this framework, students will study thousands of heavy ion collision events, verify the existence of Quark Gluon Plasma and connect with other schools to compare their results. For further information, the reader can visit this link: http://portal.opendiscoveryspace.eu/edu-object/alice-masterclass-webpage-848062 .

Students can use their videos in order to organize a short outreach event for their school with which they will explain to the audience how research is done at CERN as well as what was the scope of their research and present their results.

[bookmark: _Toc450047486]References 

· http://alice.physicsmasterclasses.org/MasterClassWebpage.html 

· http://alice.physicsmasterclasses.org/InstituteInstructions2015.pdf

· http://alice.physicsmasterclasses.org/alice-exercise-en-2013.pdf 

· http://portal.opendiscoveryspace.eu/community/alice-experiment-cern-848059 

· P.Foka, M.Janik: “ALICE MasterClass on Strangeness” , EPJ Web of Conferences, Volume 71,2014, 2nd International Conference on New Frontiers in Physics: https://doi.org/10.1051/epjconf/20147100057
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