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About CCOC

Why do we conduct cosmic ray observation activities in schools?

O Cosmic rays are naturally available research samples (free of charge), like
'manna from heaven.’

O The instruments and methods for studying cosmic rays are well established and
can be learned by students after training, mastered by physics teachers, and are
safe to use.

O There are already several hundreds of high schools and universities in many
countries around the world with successful experiences.




About CCOC

[ Established on September 28, 2020
O Connected to the Institute of High Energy
Physics (IHEP), Chinese Academy of
Sciences (CAS)
O Relying on
and

O Everyone is a volunteer

Purpose
v’ to set up campus observation stations
and network

v to popularize cosmic-ray knowledge
v to encourage cosmic-ray study

v to strengthen collaboration on
cosmic-ray observation

v to facilitate student and teacher

training

v To strengthen relevant international
exchanges




LHAASO and Modern Physics

2016: began construction

Goal: aims at exploring the origin of [ T e Sy e . LAy
high-energy cosmic rays and e S '
conducting scientific researches on
high energy astrophysical radiation

Located 4,410 meters above sea level on g

Mt. Haizi in Daocheng, Sichuan Province, e
China, and covers an area of 1.36 km? “ '
Achieved numerous significant

scientific results since 2019

B 1976: a popular science magazine in Chinese covering all
areas of physics, pure and applied
B serves the physics community of researchers, college
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students, graduate students, high school teachers and other
people interested in physics.

B sponsored by the Institute of High Energy Physics, CAS and
High Energy Physics Branch of Chinese Physical Society




About CCOC

_ Director _ _ _ _
Advisor Advisor C. Zhang Vice Director Vice Director
C.Q.Shen W.Q.Zhang D.Chen S.W.Cui

Secretary General Member of the Council
W.L.Zhen _G,Chen

-%\

H M Zhao

J LXu Y.D.Cheng

J Liu Z£.C.Tang

S.Wana

Technical development WG
* by H.H. He

Educational instrument WG
by C.Gu

Campus promotion WG

* by S.Wang

Cosmic-ra opularization
e y Pop

* by S.W. Cui
Secretary service WG
* by W.L. Zheng




About CCOC

Institutes(5)

1 Institute of High Energy Physics,CAS

2 511 institute

3 Hefei Institutes of Physical Science,CAS

4 Institute of Energy, Hefei

5 Science and Technology Training Center of
CAS

High Schools (15)

1 Beijing Dongzhimen High School
2 Beijing ChenlJingLun High School
3 Beijing Huiwen Middle School Chuiyangliu
Branch

4 Shijiazhuang No. 1 High School

5 Zhangjiakou No. 5 High School

6 Jiangyan High School of Jiangsu Province
7 Jiangsu Province Xinghua Senior Middle
School

8 Wang Ganchang High School

9 Yangzhou High School of Jiangsu Province
10 Hunan Normal University

Affiliated Middle school

11 Luxi High School

12 Quanzhou Yicong High School

13 Shenzhen Overseas Chinese Town Middle
School

14 Chengdu Eastern New District No. 4 High
School

15 Shanghai Kongjiang Senior High School

Universities(10)

1 Tsinghua University

2 Hebei Normal University

3 Shandong Management University
4 Southwest Jiaotong University

5 Tibet University

6 Sun Yat-sen University

7 Yunnan University

8 Central China Normal University

9 Henan Normal University

10 Shandong University




OUTLINE

i About CCOC -
i What We Have Done -
i What We Plan to Do -




Practice

Cosmic Ray Detector Array
Muon Telescope

Cosmic Ray Hodoscope
Cosmic Ray Visualizer




Practice

Installation and Commissioning of the Cosmic Ray

Observatlon Equments at the ngh Schools - r

. Spacing according to actual area

. D Data acquisition




Practice

Installation and Commissioning of the Cosmic Ray

Observation Equipments at the High Schools r
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Practice

*Measure the Extensive Air Shower (EAS), which is generated by primary
cosmic ray

*Measure the direction of EAS if accuracy better than 2 degrees
*Measure the arriving time of particles if accuracy better than 2
nanoseconds

* Measure the cosmic ray muon flux in any specific direction ( all
different zenith angles and different azimuth angles)

« Measure the speed of cosmic ray muon

* Measure the life of muon

* Measure the east-west different effect of cosmic ray flux indused by

earth magnetic field
42th uly 19,2024



Practice

14 lessons are designed and published ' X RIPRT I
A New Journey toward the Discovery of Cosmic Rays f‘o«*- HIS ferl)

MODERN PHYSICS

serially on Modern Physics, with a
book currently being published

* Reignite curiosity and interest

e Stimulate the desire for inquiry

* Develop the habit of asking
questions

* Enhance confidence in problem-
solving

* Master basic scientific methods

e Cultivate innovative thinking

» How are "cosmic rays" found? Why is it called "cosmic ray"?

Coutse Theme:

» What 1s the intensity of these "cosmic rays"{secondary eosmic rays) on earth?
How many cosmic ray particles pass through our bodies every minute?

_ X
* How fast does the "cosmic ray" fly on earth? “x_

* Do cosmic ray particles from outer space literally hit our bodies? Will the
earth atmosphere protectus?

* Now that we have the means to measure the'cosmic rays, let’ s where do
these cosmiarays come from.

* Cosmic rays do not come from the Solar system and they are the only material
sample that humans can get from outside the solar system. As a particle has
the property of electric charge, 13 cosmic ray charged or uncharged?

* Now that we know that most cosmic ragsaassliarsed particles, is it positively

or negatively charged?

iy s o k. 1 3
42th International Conference on High Energy Physics, July 19,2024




Practice

REFHEWNHKE

/¥ Campus Cosmic-ray

/ Observation Collaboration

Create the cosmic-ray observation database

The data from existing campus stations are stored

The data can be shared by all the members of CCOC Tﬁ_a G

Incorporated with CCOC website (ecoc.ihep.ac.cn)

ccocihep.ac.cn/datacenter,
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Practice

=

* Popular science reports on large BE Eﬁgmmgwﬁﬁgﬂ“% : | *jEE'E] FE fg_z/_m%maﬁ’
scientific facilities

* Cosmic ray observation courses

* Experience exchange on campus
observation activities

* Visiting the lab
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Practice

Coordinate the members to participate the ICD, IMW, IMC in China; CCOC Seminar with DESY

e k2

CCOC Seminar

wﬁAstroparticle
j..Outreach at DESY

Date and Time: 2022.3.15 16:00 (China Time)
Location: Room 415, Main Building IHEP
Zoom Meeting ID: 87477278322

Password: 427343

Topic

5 ~ S { In the talk she will give an overview of the outreach activities of
£y P ¥ T o ¥ [ D i DESY in Zeuthen, which techniques/experiments we use for this
% Y { < n : Wiy @ activity and in which networks we are involved. For example, she
~a - will talk about our offers in the student lab at DESY, as well as
L3 o about the organization of the worldwide International Cosmic Day

=7 Ko can s & s SRy 2 : in the last 10 years.

* 24 About the Speaker: Carolin Schwerdt

She works at DESY in Zeuthen, Germany, as a research assistant
in the communication group. She designs, develops and

supervises the offers for the project “measurements of cosmic
e particles” in the school laboratory "physik.begreifen” and she is
g_:_:responsible for the scien-tific coordination of the astroparticle
.. - project in the nationwide “Netzwerk Teilchenwelt".

More information: http://ccoc.ihep.ac.cn/

19,2024
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Discover Cosmic Rays

Cosmic particles, these unnoticed particles that surround us all the time,
Lare the focus of this day. Students, teachers and scientists get together to
talk and learn about Cosmic Rays and answer questions lik

What are cosmic particles?

Where do they come from?

How can they he measured?

And what can we learn from them?

Imag t: DESY, Stttk

https:/ficc.desy.de
https://www facebook.com/InternationalCosmicDay

|%O . (6%) © Fermilab

DESY.
o 3

Measurement of intensity for extensive air shower
depending on zenith angle near sea level
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- Jiangyan High Schoal of Jiangsu Pravinee,!
Our Team Data Analysis

'EAS bty gy

+ The EAS intensity of cosmic rage

Experimental conclusion decrenses with the incroass of zomiih engle

3
We found that the EAS intensity of cosmic Lo, . Day
rays de s with the increase of zenith angle ? o o Night
After the zenith angle degree increases to a Be .
certain value, the EAS intensity decreases £u %
cantly and becomes gentle with zenith g g
s @
o found that there is o significant i,
difference in the change of cosmic ray EAS 20 confidence Jevel (95%)
intensity with zenith angle during the day and . = .
night. This shows that solar activity has litle Fola%e ¢ o

effect on the EAS intensity of cosmic rays : .

observed on the groury 25 confidence Tevel (95%]

Angle (deg)

4 The comparison of cosmic ray EAS at
different senith angles of day and night

NOVEMBER 10 | 2021

REPORTS

On the following pages, we have compiled your contributions for this
booklet. These contributions document your new insights obtained
on ICD with images, comments, notes or measurement results and
data analysis — as scientists do when they submit and publish a
proceeding after a conference. We have sorted the contributions by
countries in alphabetical order. Let's start with

CHINA

Xinghua High School of Jiangsu Province
Successfully Participated in the 10th International
Space Day Exchange Activity

e R i

Xinghua High School of Ji
-

e

Who are you? At 13:30 GMT on November 10, 2021, nine students from Xinghua High
School of Jiangsu Province successfully participated in the 10th
International Space Day international exchange activity!

The Video Call
Intemational Cosmic Day

hua High had an|| e
English with five other

research teams fr
tries d showed foreign
and

activity on the Intemnational Cosmic Day is
ded to make m e pay at n

a at
encourage college and middie school students to

the forefront

ctivity, students,

scientists, the public, or
nterested,  will a troad
ons: What are

such gues
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ays come from?

e Academ! n
the relationship of ‘cooperation between the
vy of Sciences and Xinghua High'. In order to cultiv

atior

“hinese Aca
ific and tec

nore backup talents for
ty to join the talent plan
igh has promot

Cultivation

Innovative
mprovement of stu
attainments while continuously pushing forward quality

re members of the program will be engaged as mentors

the Talzhou E:
sclentific and
education. As

combine scies
with
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gsu Province, “

CCOC,we are from China!

—

Affiliated to Institute of High Energy Physics, Chinese Academy of Sciences;
-
Who are we?

Campus Cosmic-ray Observation Collaboration

Whatdid we find out?

Whathave we done?

Campus Cosmic-ray Observation Collaboration
{CCOC) organized to participate in the activities
ofinternational Cosmic Day 2021 in China.

5% CCOC member institutions participated in the
2021 event.

Liu Jia, member of the campus cosmic-ray
working group of the Institute of High Energy
Physics, assodate researcher of the core
backbone of the Large High Altitude Air Shower
Observatory (LHAASO) project, presented a
reportof “LHAASO and Campus Cosmic-ray
Observation", focusing on the completion of
LHAASO, major innovative achievements and the
progress of the CCOC in promoting the campus
cosmic-ray observation project.

What's your take-home message?

More activities in ICD! More fun!

NOVEMBER 10 | 2021

EAS Changed With Zenith Angle

W T K R
The High School Attached To Hunan Normal Uﬁ‘

T .Background

Cosmic rays usually consist of high-energy particles from space. On the way high-energy
cosmic rays shoot from space to earth, they need to pass through the atmosphere and it is
the time that they interact with atomic nuclei in the atmosphere, knocking out various
secondary particles. These secondary particles will interact with atomic nuclei in the
atmosphere again during the flight, producing more secondary particles, which are

sprinkled from the air to 4 carth like a rainstorm, and conducting cascade reactions

continue to occur in this way. This process is also known as “air shower". More specific,
these secondary particles produced by cosmic rays repeatedly act to produce more
secondary particles until the average energy is equal to a certain critical value, and the
number of secondary particles reaches the maximum value, which is called shower
maximum. After that, the particles gracually decay or are affected by the atmosphere.
Absorption, so that the number of secondary particles gradually decreases.

High-energy cosmic rays can form "showers" with large area, which produce a large
number of secondary charged particles reaching the ground almost simultaneously.

By measuring these charged particles arriving at the same time, the "shower" cases can be
obtained. Scientists usually study on cosmic rays by indirectly detecting these "showers"
reaching the surface of the earth. In general, the highel
larger the shower area that reaches the surface. In practical experimental setup, detector
array are often used for detection.

In this article, we analyzed the data detected by the detector array of Dongzhimen Middle
School in Beijing, China(39.933°N latitude, 116.417°E longitude, 46.4 meters abc
level). The detector array is composed of 9 scintillation detectors, separated by 10 meters,

setin a 3x3 matrix pattern, and the sensitive area of each detector is 0.5 square meters.

the energy of cosmic rays, the

e sea
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An Investigation on the Relationship of
Cosmic Muon Flux and Zenith Angle

= FEARKEMETE

High School Affiliated to Renmin University of
-

Who are you?
Lang Ji, Yinglun Ma, Shuangyi Zhou, Fengyi Wang, Shangehen Wu
Ate

cam of student-body Cosmic Ray enthusiasts dedicated t0 explove and publicize particle physics
in high schools
Divected by Xiaohui Chan, Xiangeui Lai, Yaping Chang, Ran Han

What have you done? What did you find out?

An investigation on the relationship
between Muon Flux with Zenith Angle

Agreat quali
data and vefes

ative fit between experivental
ncod approximation

What's your take-home message?

- Amaximum Muon Flux at O degree zenith ang|

- Continuous symenetrical decline of Muon Flux with increasing/dscreasing zénith angle

ative velidation is wade to the veforence empivical approximation

~ The vesults of our experiment can be utilized in interpreting the intemal structure of
concealed objects, (e.g. nuclear plants) and cosmic ray detection in outer space.

NOVEMBER 10 | 2021

ANALYSIS OF THE
DETECTOR COUNTING RAT!

= BHXEXRE™ =
Southwest Jiaotong University. “
-
Team Introduction

We are the Institute of Astroparticle Physics which consists of 12 teachers,
5 doctoral candidates, some master degree candidates and undergraduates.

What have we done? What did we find out?
Southwest Jiaotong University has five ed
detector arrays, which are placed on the
roof of the teaching building. The five
detectors upstairs transmit the information
to the clock synchronization system
downstairs through photoelectric
composite cable, and then store it in the
computer, so that we can process the data
offline.

‘We focus on the reasons for the change of
counting rate, such as whether the
atmosphere pollution in Chengdu will
lead to the change of counting rate, and
whether the counting rate will change
suddenly during the period of thunderand
heavy rain.

PRz

This is the chart drawn by our team. It is
the counting rate of the three detectors
collected on September 8. m these
three diagrams, we can see that the
change of the counting rate has the same
trend, and the sudden change of those
curves maybe affected by the outside.

The take-home message

We analyzed the data of five detectors, focusing on the study of counting rate, and
analyzed the relationship between atmospheric envil and sudden change of
oo\m:ingra:e curve.

NOVEMBER 10 | 2021

Measurement of intensity for extensive air

shower depending on zenith angle near
sea level

RETAEAIN TR o

Beijing Donzhimen High

—

1. Equipment

When a very high energy primary cosmic ray armving atmosphere, it cdlides with air nucle,
and by interaction produces a several secondary particles. All secondary parficles with very
high energy collide with arr nuclei again, through strong or @ectric-magnetic interaction
produce more secondary particles. Such cascade interacton forms a great number of
particles fight down as a shower. Such phenomenon is called as Exensive Air Shower
(EAS).

©On the roof of our school, we built a detectors array to measure EAS, as shown in Figure 1.
It consists of 9 scintillation detectors, spaced 10 meters apart as a 3x3 matrix and each
detector has a sensitve area of 0.5 square meters . It is located at: lattude 398.933°N,
longitude 116.417°E, altitude 46.4 meters above sea level. The electronics digitalize each
gignal from detectors, a computer confinuously acquires data and controls all the equipment
online. Wnenever a charged particles of cosmic ray passes through cur each detector, the
GPS time with nanosecond ancy, ampltude of signal, and triggered detestor's location
are recorded. = -

Fig. 1. An EAS
roof of our schod.

EAS array on the roof

above classre
= 2 m

Some procedures to reconstruct the measured Facks of EAS have done. they reconstruct
only the EAS event in 400 square meters covered by our array with cancident fold 3. We
analyzed the direction of each EAS event during t=3 days since Beiing time O dclock on
18th October 2021, and obtained the events number Ni in each range of the =9 zenith angle
uniform ranges from 0 * 10 90 °. Its standard eror 0i=Ni0.5 . For the zenith angle range A
10 B, it covers a stereoscopic angle Q=21 (cos A-cos B), and the effective area of the array
is 400m2 xCOSEi (8 is the median of zenith angle range 1). By this way, we get the average
EAS intensity i=Ni+ (3xQixCOSEi) in each zenith angle range within the unit steradian
range and 1 day. Its standard error oli =oi+ (3xQIxCOSB).

2. Data analysis

NOVEMBER 10 | 2021

Measurement of intensity for extensive air

shower depending on zenith angle near
sea level

P REASSE & 14 7 1 Fakh T
- Beijing Donzhimen Hiéhw

The experimental data are listed in table 1 below, and the corresponding curves are shown in
Figure 2.

3. Result

I 1 Table 1. Measurement
Ta-] data for EAS intensity

Figure 2. The EAS
intensity depending on
zenitn angle.

4. Discussion

When the primary cosmic ray fights down
through atmosphere, the number of EAS
particles ncreases first, then it decreases
gradually dfter reaching a maximum value
since the energy of al paricles reduces
and decaying or stoped prodability
increase. The higner the initial energy, the
more EAS particles suvive and reach
ground. Only when the detectasle particle
density reaches treshould value of the
around detector array, such EAS can be

2
&

detested. Therefore the energy treshoid of detectable EAS of a ground array increases with
the increase of atmospheric depth.

When zenith angle increases, the depth of the atmosphere increases. Therefore, for a ground
array the detectable EAS energy threshold E increases with the ncrease of the zenith angle.
Because the integral ntensity of isotropy primary Gosmic ray is aproximately propartional to
E-2, the EAS intensity is the descending function of zenith angle.

NOVEMBER 10 | 2021




Outputs

OO0 A seed of science has already begun to sprout in the
hearts of the students.

O Six Stations have been setup.

OO0 Projects for teachers’ practice have been approved.

O One book has been published.

O A cosmic ray science education base has been
approved.

O The observation activity was selected as an Excel
Science Popularizag cti or National Sci
Popularization D



Outputs
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What We Plan to Do

O Providing students with the opportunity to participate in cutting-edge scientific
research,enable students to develop independently and grow around scientists

O Receiving authentic training in modern scientific inquiry, and enhancing the overall
scientific literacy of both teachers and students

O Fostering students' interest in studying physics

O Broadening the international perspective of teachers and students

v Advancing the construction of observation stations in different latitudes

v Using data from LHAASO for a real simulation analysis

v Developing a mobile APP for visualizing cosmic ray-related data. a game and a
competition for disseminating the cosmic ray knowledge



What We Plan to Do

O Fully leverage the enthusiasm and initiative of established schools in conducting
observation activities

O Fully utilize the capabilities of the equipment

O Expand research content and achieve deeper integration of science and education

O Sustainable funding support




