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Abstract. The International Particle Physics Outreach Group, IPPOG, is a network of particle physicists, researchers, teachers and informal science educators engaged in worldwide outreach and informal science education for particle physics. IPPOG's aim is to raise awareness, understanding and standards of global outreach efforts in particle physics and general science.

   IPPOG has initiated several major activities that engage students in hands-on activities, such as the well-established “International Particle Physics Masterclasses”  which brings LHC data from CERN into the classroom and "Cascade," a new video competition for high school teams. The aims and activities of IPPOG will be described,  including
Masterclasses, Cascade and the IPPOG outreach database, that holds recommended tools and materials to be used in formal and informal
education settings to bring the exciting world of particle physics to students of all ages, teachers and the general public. We show how students, teachers and particle physicists can benefit from the work of
IPPOG and join in its activities.
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1. Introduction
International Particle Physics Outreach Group (IPPOG) is a network of physicists and  science educators  engaged in informal science education and outreach for particle physics [1]. It was formed in 1997 under the joint auspices of the European Committee for Future Accelerators (ECFA) and the European Physical Society's High Energy Particle Physics Board.  IPPOG's growing membership currently includes representatives from each member state of CERN, each major experiment at CERN’s Large Hadron Collider (LHC) and prominent labs and institutions in the USA and Europe.

IPPOG's  aim is to maximize the impact of education and outreach in particle physics through information exchange and the sharing of expertise and thus strengthen cultural awareness, understanding and support of particle physics and related sciences across the globe.

     We would like to serve anyone who wants to know more about particle physics, especially educators and students (from school to university). We share the view of the former CERN Director General Mr. Llewellyn Smith who said at the first-ever IPPOG meeting “the particle physics community has a moral obligation to inform the public on its activities. To do this well, experiences must be shared among countries in view of the need to optimize the use of resources.”

The group meets twice each year: once at CERN and once elsewhere. First IPPOG meetings were almost exclusively used for exchanging education and outreach ideas and resources, where each country or experiment presented their core activities and gained some insight into outreach efforts elsewhere. Later IPPOG became more proactive organizing its own activities such as International Particle Physics Masterclasses and the database of outreach material discussed below in more detail.

A growing number of initiatives changed the  format of IPPOG's meetings which now feature focused working groups to address specific needs of the community. They include, e.g.,   IPPOG identity and new membership working group (to extend original European nature of the group to a truly international one), IPPOG at conferences (to communicate importance of outreach among physicists and to provide them with useful tools and ideas), Social media, Masterclasses and Higgs mechanism (to explain what the Higgs boson is all about) working groups.

IPPOG can help students telling them about  outreach programs in their area and how to get involved and point them to recommended learning resources on-line. Teachers can benefit from our recommended tools and materials for their classroom audiences  and scientists from recommended tools and materials to effectively engage young people during talks, presentations, and discussions. 
2. International Particle Physics Masterclasses
     Masterclasses bring the excitement of cutting-edge particle physics research into classrooms. Originating from Great Britain, Masterclasses turned international in 2005 under the coordination of IPPOG [2]. It became a very popular acitivity for high school students from all over the world who come each year in the spring  to nearby universities or research centers to become “scientists for a day” [3]. Masterclasses are rapidly expanding. In 2013, 10 000 students  in 37 countries and 150 universities took part in the event over 4 weeks.     

     The format of the day includes three key elements:    

i) lectures from active scientists give insight on topics and methods of fundamental research on the building blocks of matter and the forces between them,           ii) active participation of students in measurements on real data from LHC particle physics experiments ALICE, ATLAS and CMS and iii) international videoconference moderated from CERN during which students compare and combine results with their peers in other countries and discuss physics with the moderators. The main purpose of masterclasses is to expose students to the scientific process and share our excitement about physics with them.
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Figure 1.  Masterclass participants 
    In the key measurement part students learn to use event display programs and analysis methods. They first practice particle identification by exploiting the characteristic signals left by particles in various subdetector elements; electrons, muons, photons and jets of particles are then recognised. The students then categorize events and measure various properties of some known particles, such as the weak gauge bosons W and Z and a number of hadrons (J/ψ, Υ, Λ, Ks ). Finally, they learn how to use the concept of invariant mass in the search for new particles. Below we describe the measurements performed.
2. 1   ATLAS Measurement

2. 1. 1   W-path analysis
  There are two independent paths to perform measurements based on ATLAS data: W-path developed at University of Dresden and Z-path developed at University of Oslo [4].
The ATLAS W-path [5] offers students a possibility to search for W+ and W-  bosons in the data through their leptonic decays W → l ν  where l is an electron (positron) or muon (antimuon) with a high transverse momentum and large missing transverse momentum due to the neutrino which escapes detection. Students identify W bosons with the event display software Minerva based on Atlantis [6], see Fig. 2. The challenge of the task is to recognize W candidates among many different kinds of background events such as QCD jets, Z events and top quark events. By measuring the ratio of the number of W+ to the number of W- bosons students probe the proton structure: a ratio larger than 1 indicates that there are more u quarks than d quarks in the proton.

Once the students can recognize W boson candidates, they can also search  for the Higgs boson in the data, using its decay channel to two W bosons, H → W+W-  → l+ν l-ν, characterized by two opposite charge leptons with high transverse momentum and high missing momentum due to two neutrinos.
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Figure 2.  W → μ ν event  in Atlantis
2. 1. 2   Z-path analysis     
Within the Z-path [7] students search for Z bosons in their leptonic decay channels, Z → l+l-  where l is again an electron or a muon. The Z-path  introduces the invariant mass concept as a powerful tool used by particle physicists to identify short-lived particles and search for new ones. Students learn how invariant mass is constructed and used  to distinguish  the signal (Z boson events) from many background events which include J/ψ, Υ, Drell-Yan, and other QCD and W background events.  
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Figure 3.  Invariant mass distribution with Z peak at 90 GeV and hypothetical simulated Z' peak at 1000 GeV
     The students also search for the Higgs boson in the two discovery channels,   H → ZZ  → l+l- l+l- and  H → γ γ. The Higgs boson candidates have invariant mass at about 125 GeV, the mass observed by ATLAS (and CMS). Finally,  if students carefully analyze data, they can also ‘discover’ a new hypothetical particle,  Z’, at a mass of 1000 GeV. Z’ events were simulated and mixed with real data to illustrate that the analysis can yield new and sometimes unexpected  results. Z’ particle is predicted by several extensions of the Standard Model of particle physics. 
   The HYPATIA event display [8] which is also based on Atlantis is used to go through a subset of 50 events per pair of students. 
2. 2   CMS  Measurement
     CMS is the second large general purpose detector at the LHC. Working indepedently and using different detection techniques, ATLAS and CMS bring vital confirmation of each other's results. The CMS Masterclass measurement includes both W and Z-paths in a single exercise [9]. The physics behind is the same but events look somewhat different, partly due to the difference between the two detectors and partly due to the iSpy event display software [10] used by the CMS measurement. The CMS tracker has stronger magnetic field than ATLAS and charged particle tracks are curved more as a result. The students can easily find the charge of the particle from the curvature and thus tell apart electron from positron or muon from antimuon (the charge is determined in the ATLAS detector in the same way but not by the students). An interesting feature of iSpy is that students (or anybody else) use it online without having to download it and the same applies to the data.
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   Figure 4. A detail of a CMS event with curved tracks in iSpy
2. 3   ALICE Measurement: Quark-gluon plasma analysis
    ALICE is the third large LHC experiment whose aim is not to search for new particles but rather study properties of a new phase of strongly-interacting matter, the so called quark-gluon plasma (QGP) and the phase transition from QGP to the hadron gas state prevailing at lower energies.  Results from these studies will lead to a better understanding of the conditions of the early Universe. 
    Students use a simplified version of the ALICE event display to look for strange particles Ks, Λ and anti-Λ [11]. They count their numbers and compare them with Monte Carlo predictions as well as with published results. The goal is to see enhancement in these numbers as one moves from proton-proton collisions to lead-lead collisions which is an important signal of QGP.
2. 3   Future steps
   Our surveys show that the level of complexity of measurements is just right and that students appreciate all parts of the program. Growing interest in Masterclasses leads us to consider also local, less time-consuming alternatives, dubbed mini-masterclasses, currently tested in a number of countries. We have also tried to apply the format to the fields of astronomy and cosmic rays with equal success. We collect all tools and materials at International Masterclasses homepage [1] and in the IPPOG database (see below) [12].
3. Cascade projects competition
    International Particle Physics Masterclasses (MC) are successful in motivating high school students. However, it is only a one day event and some of the students are ready for further adventure. Cascade projects offer a chance for those who would like to get deeper into the realm of particle physics.
The format was developed at the University of Birmingham in 2006/2007.
    In the Cascade competition teams of 3 - 6 high school students work for several weeks on projects on topics from particle physics and cosmology and then make 20 minutes presentations in their schools. The teams are helped by mentors (volunteers from the high energy physics community) and their teachers. Teams then send videos of their presentations plus PowerPoint files to the Cascade organizers, where  the best teams are selected and invited to the Grand Final. 

The best team in the Final wins a trip to CERN.
      The format is a success. Students enjoy working in teams and presenting in public. In Slovakia the number of teams rose from four in the 1st year to sixteen in the 3rd year of the competition.
Masterclasses is a good springboard for Cascade. Most of the teams are formed from former Masterclass participants. 
     The competition is relatively easy to organize. The first round (presentations at schools) does not require presence of the organizers. The Grand Final is jointly organized by one of the high schools and a university. Teams present their projects in front of the jury and the high school audience. The best Cascade projects have the qualities we had hoped for: a solid scientific content and fresh, entertaining presentations which are a fun to watch. Team members are often interested in pursuing a scientific career. For more details see [13].
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Figure 5. Cascade team in the Great Final
4. IPPOG resources database
     A new IPPOG initiative, the database is the first-ever global database for materials related to particle physics outreach and informal education [12]. It houses videos, brochures, posters, talks, ideas for hands-on activities in a variety of languages. Items stored here are shared by members and partners of the IPPOG network.

The aim of the collection is to help physicists, communicators and teachers find new ways and tools to teach particle physics in their classes and in  public. 

New items can be submitted after registration by anyone.  The database can be searched by the learning topic, audience, item type, topic and language. A rating system enables users to give credits to the popular items.

The database is still in its early stages and we invite users to make suggestions that could help improving it . 
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