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15.30 — 16.30 u. B40 Visit Mick Storr
Presentation of Working
16.30 — 17.30 u. -
Groups
9 n.A. 2554 el
10 n.A. 2554 13.00 - 23.00 u. Geneva Treasure Hunt Mick Storr
09.00 — 10.00 wu. Bubble Chamber Tutorial Goronwy Jones
Key Concepts of Particle Michelangelo
10.30 - 11.30 u.
Physics (Part 1/2) Mangano
Introduction to Cosmology
11.30 - 12.30 w. Geraldine Servant
11 n.A. 2554 (Part 1/2)
Introduction to Accelerators
14.00 - 15.00 w. Simone Gilardoni
(Part 1/2)
15.00 - 16.00 w. Reflection -
16.00 - 16.30 w. Selection of Working Groups Mick Storr
Introduction to Cosmology
09.00 - 10.00 U Geraldine Servant
(Part 2/2)
12 n.A. 2554
Introduction to Accelerators
14.00 - 15.00 w. Simone Gilardoni
(Part 2/2)
Key Concepts of Particle Michelangelo
09.00 - 10.00 u.
Physics (Part 2/2) Mangano
13 n.A. 2554 Tutorial: The Evolution of
16.00 - 17.00 w. Western Ways of Thinking Goronwy Jones

(Part 1/2)
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T 1281 nanssu Mens/ganiunis
14.30 - 15.30 w. Introduction to Antimatter Rolf Landua
Joao Pequenao and
14 n.p. 2554 16.00 - 16.30 w. Cool Apps
Neng Xu
16.30 - 17.30 w. Accelerator Q/A Simone Gilardoni
Medical Applications of
14.00 - 15.00 wu. Manijit Dosanjh
Particle Physics
15 n.A. 2554
Q/A: Key Concepts of Michelangelo
16.00 - 17.00 wu.
Particle Physics Mangano
16 n.A. 2554 .
PN
17 n.A. 2554
09.00 - 11.30 W. | Perimeter Institute Workshop
Greg Dick and Dave
Perimeter Institute Workshop
18 n.A. 2554 13.00 - 15.30 u. Fish
(Continued)
19.00 - 00.00 u. International Evening -
15.00 - 16.00 w. Let’s Talk about Books -
19 n.A. 2554
16.00 - 17.00 . CERN’s Black Swan Ben Segal
Tutorial: The Evolution of
11.30 - 12.30 w. Western Ways of Thinking Goronwy Jones
(Part 2/2)
20 n.A. 2554
15.30 - 16.30 w. Gaugin and CERN Jonathan Ellis
Visits: Magnet Factory and
18.15 - 21.30 w. Mick Storr
CERN Control Room
Introduction to Master
21 n.A. 2554 15.00 - 15.45 . Konrad Jende
Classes
Reports from the Working
09.00 - 12.00 u. -
Groups
21 n.A. 2554 Reports from the Working
14.00 - 16.00 u. -
Groups (Continued)
19.00 - 00.00 w. Farewell Barbecue -

Aanssuvedlasints uduanin 1 uar 2 Wunsusseneiielideyaiugiuuingi

W1SUNMTBUSH YeNINTTNYRLlATINITY Tudumviil 3 Wunsyiheunguaiuatauls

Y83A3 FaUsEnaume 1. AINTsuRmzzsdmiuagnilanuantauludrnuewenis

o

89 WU NSHALUSEASUA1a849 (Simulation) UUIMSANLB0e warn1SWaUNLUSWATUNA

a s

winvenouines (Screen Saver) Nuansusingnisalidndennia

9
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a . . & a a A a v U et |
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DUNALBYUBIBEMBN (Subatomic particle) maamué’umﬁ‘%m (Interaction) s¥13190YN"A
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fan: http://cph-theory.persiangig.com/13-MatterToQuarks.jpg
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. eluldAtil masiimeilid@ndianundzgnneUseana .. kagaunaniiiesedis

a A 2 Yo a s A P v Ry o =

WenfazwdeliinInemans de n1sindiasiumarillviuiudiunndu (Maxwell,
-4 L 7 10

U a.e. 1871, 814lag Giudice, 2010: 79, ulalnedideu )

 dapuaindiuatiu fie “.. in a few years, all the great physical constants will have been
approximately estimated ... the only occupation which will then be left to men of science will be

to carry on these measurements to another place of decimals.”
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1NBITU (Kelvin, U A.A. 1990, 819lpe Giudice, 2010: 79, LLUaImJ;EL%EJu“)

9g13lsiny Tingnisalwaznisvaassunegilugisariuivinliinidndsas

NFULIMNUMILANUNINTHANANT oY 1YW N1TAUNUBIAUTENBUEDEUBIDEADY NITAUNY

(% LY Q‘I 14 (% 4

AugunnnseduasSedneaiin wazUsingnisalliieddesiunamansalausu (Quantum

6

mechanics) @uunariilaasisaiudsevaialaundnildnd wazurlugnis@nwinieiland

aunAluaeon  (Landua, 2011) iemseluilidunisasunisdunuiiddey Failug

= aa s
ﬂ'ﬁﬁﬂ‘t’;"m’NWﬁﬂﬂ@HﬂWﬂ

239AUTENOUYDEUDIDTABY

Tul a.A. 1897 lawww 999U endu (Joseph John Thomson) Anwiantfvesssd
wAlng (Cathode ray) daintuiilosotaliivewasniussauiaaudun fuknasiiie
I fsianusinesdndgs neudulvsedualnaniuauiuluiiiefnwaninmialnivesdsd
walne winudaduainedanimmsliinduau venainil dielisaualneanuvisaualiii
LazAUILLUWAN NaNduaIunsamAsnIIdINTEniaUsE gl uastavesidualnala
dnsrdunanailimasinazliduiuriinvedlans neuduagunanisvaasilin Ssdualng
Wuoynianfianmnislnilniuau Faduesdusznounianigluszaouvestalni s
% v vy 1% A a Al I I3 v 1
AUNUTDINBNFULAAUAIIAMUTDLANNTT arnouTuaIAUsENoULagIUYRIAa1TNLU
asrUsznaugaslng neuduldasisuuuitassesaenduln FaUsznoumelssglniiay (@
i v | a & 12 1 ° Y -
Aowliveindidnnsow) wazdsegluiiuin ~ nszatgegvalIanenesnal NN 4 Land

LUUINADI9LNDUVDINDUAY

AT 4 UAAILUUTaDIDEABNTDIONE

n: http://www.kutl.kyushu-u.ac.jp/seminar/MicroWorld1 E/Part2 E/P24 E/Thomson_model E.jpg
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YBAINUINNAUAUY AR “There is nothing new to be discovered in physics. All that remains is

more and more precise measurement.”
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fisn: http://upload.wikimedia.org/wikipedia/commons/7/7d/Rutherfordsches Atommodell.png
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p—proton
n—neutron
p e, w, n'—pions
i, - —muons
e —electron
e’ —positron
v —neutrino
y —gamma-ray
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. o a s = aas ¢ v o v W 20
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(Relativity) lad15a nanfe Ausalaveneauaiunsavesannsvesisones Thaimisa
a = = o w o v (Y < Y a LYY <
USTEIENYANTTUVRIBUNA (MF0AFY) NINMAuATeUNMEsnITIIINARIRusnTITIvewMad
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U51N0N1509N195 3T UIRRALAMIUNB1UVOIUNINYIAIEATIUN15L19

UsINYNITAUNNETTUP AV

AanssunaNIsAnwA@Tuaiunseglutagdu Inanesuuuude  n1susseslu

g 0 Aaw 1
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nsasileriinIsnaaeaziINTIUNGN  wazn1snulsnanefiuindneg1emansninaunagsy

q

(Hnaulaanusanniiivanaudiauslidl http./indico.cern.ch/)

429 Audio-visual Introduction to CERN tJunisuaidavied 2 Ses Ao “The Story
of CERN : A 50 Journey to the Heart of Matter” gy “The Laree Hadron Collider in

107 (naulaaunsavauaraniilnanlansaiu)

433 Team Building 1Jun1suuzihdiesegiudunianis wazniswusngusanidy 4

nau WeszaNaNeufgInuauAInnitvesasiunsidnTiianssuasal

279 Parallel Visit 1un1sifiusy Globe %58 Microcosm @adun1sHandtsnds
1 d‘ U as . d‘l N v d‘u o 3
$119) LNYINULYTY (wmazﬁléﬂﬂ Microcosm) LUBIIINUVDY AV IARFAIIIUIUUIN A9

anlun Microcosm Bnass

%24 Visits Evaluation {umsnsenuuudssiiiudsidauandly Microcosm a3y
Fuil 5 nsnnA 2554

fuihdutuiiaoswesnmsousunsiandiiisu Waunsuiidweluil

8.30-12.30 U. ‘U DELPHI/LHCD

14.00-15.30 u. Introduction to Particle Physics

15.30-17.00 u. Parallel Visit: Globe Universe of Particles Exhibition and
Microcosm

17.00-17.45 . Visits Evaluation

18.30-23.00 Y. Pool and Pizza

paeninttvesiudunisiBensy DELPHI wag LHCh aluin3nansiaineunia

(Detectors) [NUABHNILANSIUALLDEANNAIULASU MOULANUINLED]

a 6

YIULTUAUNIENISUTTE8LA8 Rolf Landua faiunibuvesnisanwnelnuiand

' [
A 1 J [

BUNA [MOUKINY NUNEI350908 UANDUMATY HUANEY WAITNE1TEasBunBNASY] {1

Y

aulandlvanaudiauela?  hitp/indico.cern.ch/ antiudunisluideusu Globe
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=~ & Ao =~ = v a aacs =~ . )
FoJuanuniananaseesfefuanigsuna@ine Llonunuwas Tl Microcosm uaa
151999 09kUvl Globe  TuYull]l  wazwmiiauinnnu In19nI9nWUVUSELIUAINTALERI LY

Globe ASU

moudu Mick Storr wilUidesiiedn uissaduluni Jeeglnaun windudiafinn
Uszanau 5 9 Wegldiandwlvglluiuniswulu-nauaniinlusuiiedn [wllesudiasy

NUYDUBUNDU]
Tuiinfivewi3as “LHCb Visit” (Suil 5 nsngnau 2554)

ey (Fui 5 nsngrau 2554) auladilenalvuiesesmsinineyniaisendudus
' =< a 9 =% - ' '
T LHCh  Faduin3eensinineun1anilaredaTaasieun1ng1nseuluulsnsvuinivg

(Large Hadron Collider: LHC)

LHCb gnesnuuuniiieadauasfinwimgnisal Mweiuwindugasuduresdnga
a ad 1% a1 W a a o oA
N15MAaI LHCh IWUg1u113InANin1emeulnin Insnaiinainnisseiiansslng wie
a YR . = ) A a a & A Y a o
M3unfiudn Big Bang Fandenuiiinainnisseidnailvaiinelviianseuniaaans (matter)

wazaunIAUaans (Anti-matter) luuSunaivintu s a1y

pg19lsAnu Wenawiulundrinmsiianisseilansddug  Insnanduinieliies
| a a = & 13 ! =
auMAdENS (1 TUspeu 1inseu  uagdlannseu Fulusidusznauredsnnmieg) vued

aumaufaasmeld (aglinsvanimeg

nsmelureteunauaansiaznismiasegveteumaaansiuinga  Llainain
N15UsI8E (Annihilation) W3an1ssuiuseninteunIraaIskazeunIAUfaans insemndu

Wty USunaveteyniegaiswarUsunamessunalaasluinsnasgieandewintu

[

(MelmszUSunaveseumeaastarUsinnveteumaljaasimenseussaslumiu)
v a s as = 1 va o o g v
UnIngreansngsulnseunalusnouliinduiuas  uagyilounialusneu
1 gj I | A = sl a 4%’ (% (% o
wiaHuYEiuA LHCh Lie@nwmnn1salfiindunasainnissuiuvedaynialusney 115y
Tounalusmouniindsnugunsuiu  Wunisaiamvgnisaiimieuniondiedunisiia
Big Bang neluesURnis nisvuiuveteynIalUsnaudinanssyliineyn1agens

wazaunIAUaasiivnatingus (Wades) wazinIngrmanindsudeanisfinyaudaves
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aunAgasuareynIalfaaisifongdumaituy  neunwinduszaasluiluouninaans

(MSeauMAUfaans) Buq AlaEiesuINNd

Tutlaqtu thinemansd LHCb Anwauifveseyniaaansit3end bottom quark
(veSundus 91 b quark) wagantRvesoyniaUfaansiisonin anti-bottom quark (e
Sundu 41 anti-b quark) uazthudufiinvesss “b” ﬁagjﬁwwﬁﬁae}a LHCb A11uLAN#I
TuantAvesoynia b quark uavandves anti-b quark (Wiileadniios) asidudsiagdae
Tanunsyanwosmsiuiadnga wagluunsontu Adeefuefevnuesiainuill

whinveseunraaswarayniaufaansludnsia a Jagdu

Tusgwiradenwn LHCb wulaias Goron 91 viludedendnew) b quark wag anti-b
& Aa a :s' Vg Ql |
quark v199) NIUDUNIAAANILAYDUNIAULFEITOU TiAnw (quark & 6 vila Ao up, down,
charm, strange, top, Waz bottom way anti quark N 6 wHAUAY aLisLAL) Aneulafe
ALLLAY
lafinsfnwiandfves quark (wag anti quark Arawiu) NINIAYTENaIWAINT1 b quark
(Wag anti-b quark) WABUNTNTELAY WSUTsReINSAnEEUUR quark (ag anti quark) Al

dl o S X & . @
IAMIONANUNEIVU LazniduATIUeY b quark Wag anti-b quark 1LY

udanUanelily 1 /M wuAndn Aeluinafisnsives top 138 t quark wag anti-t

quark FLIAVTONAIIUNINAI b quark tag anti-b quark

Fuil 6 nsngnAN 2554

£%
v v

[ o A = &
Juthunseusuiuiianu TUsunsudned

8.30-10.00 U. Introduction to Detectors

10.00-10.45 u. Introduction to CERN

11.00-12.00 u. Introduction to Particle Physics (continued)
14.00-17.00 . Visit CMS

33 Introduction to Detectors t{Jun13usseneNeIiun1sasIunAzemsIaineynia

Fellvanannismameimansiuguildlunisnsaineunia wazauinidminssulunis

Y a Y] v & A a Y} o a e X P
ﬁi']\'il,ﬂﬁa\‘imﬁ?‘ﬂjﬂ@wﬂqﬂ [NNW@LSUWIQL‘H@V']V]LﬂEJ'Jﬂ‘U‘Waﬂﬂ'ﬁW'N'JVlSqﬂqaﬁiwu‘gquv&ﬁu
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N1395993IABUNIA NS IR UMD LAETAUTIENEV0I A5, YSUNS AN UINDULA?

] & A a U a BN ) a v . a a
LLWN&IGW@JLu@‘Vi']‘VlLﬂﬂ'ﬂﬂﬂjﬂﬁﬂﬁiﬂlﬂﬂ@ﬁ%u L8R DI PowerPoint ll']@afﬁ/l]

433 Introduction to CERN \Junisussenedeyanugiuiedtudsu 1w Wushaves
B5U USsnAaunTnuailiiy 311IUYAINTYRNTTU UUTEINAUBRTTY NUITEIBTUAE
ey a4 ({naulaanunsannidivan PowerPoint 1a# hitpy/indico.cern.ch/)

%433 Introduction to Particle Physics 1Jun15us5818#031nN15U55818L 889U (Waragdinis
1A & & v Y ! [ 14 19 v £24
UsTEe6e8n 2 A39) [Wevndudeunin wasnunlireeidila viuusddndusseneagldnisguun
guilaungrslirun Nl Hnaulaaunsannidlvan PowerPoint ad

9

http://indico.cern.ch/)

Tuthsine mldluiBeuvuiaiomaineynadniaiemiweadsu ufe CMS 3
6837970 Compact Muon Solenoid Aennsuendn wakawifiounsiandlunfunn fivasi
Junan technical stop videtsinymamadiaiiatigesnunguasaiingg ves CMS ilvin
g lugedesmmaineynialussesidlsifunsand wionasiiien uonand winuu
i lugiesmuaunisvhaureneiomnaineynel wasndulininemans (nFeanaay

I a o a U 1 a o aa
WUAAING) NENDAUSIEAUDYNINWNLAL?

Mick Storr 18131 MaUNINNTATI4ATEINTIVINBUNIA CMS U FAINTABIYAVIAUUUIA
Tngiuazdn Wonunsoswmsaineynialaau aglsinig iildduluusnatudugUassease
nsyanay Iennsdundymilegldlulasnumaiidalugiusnanmnuisenisyn et
LAZAUUSATULTW nouilagyansiwaziuiudaitueonin (Winsluaufnuasaiy
WEIIUVBININLYID3)) T1M8D Mick Storr Avnluguauinicmnsldlunsvudnegunsaisingg
@wdnidusug) Junazasszniauuiuiaslinuy (uiavauussanamiodadlvgs wivazla)
Lis1mds muazienguanivivuiuueadu Julinuveusunau wsg 5 YuASINIT ka7 1Ae3

raglifiusadmsungall
U 7 nINgIAYN 2554

[ Q’llrz [ -al'd‘ a lej
Jutluwiunduesniseusy Jswnsuinal

9.00-12.00 Y. Introduction to Teacher Lab OR Build(ing) a Cloud Chamber
14.00-15.30 U. Introduction to Detectors (Continued)
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15.30-16.30 . Introduction to Particle Physics (Continued)

16.30-17.30 U. Lecture Review and Discussion

Hradiilymianmissnssiivesufifnisvesnslindon villinsluvhAanssuiivies
dulsiannsaviild Mick Storr 341U Goron Usseneuny LiomnsussENBINIINUNAY
93 Goron 199 daiaue Tutisnandug ngmseuinundsruenngldlldlusefuiiang
auNA

9Nt Mick Storr 19a$19 Cloud chamber Bspdneq fudl as. yFuns Smfaw ¢
asslyideuvihlezineusuidsundy  wuddlidesidnfuduminlug udnisussensves

Mick Storr iagnfiuiauinisnisasauasewmsivinounalueslsimaulafifies [nudegy

'
a

a . a ° a a A
@991 Mick Storr [WgUUUNTEAUAVULUTTYNY memmzq}mmuaﬂm]

F29U18LTUN15UTIE8L309N1571 UV LATRIN T TR AR wasTldndeunin

mudeiu [Builnaliresisensu]

MAINITUTIEE Mick Storr TN guilsuAmanuieIiun1susIEeNNILLT HUNA1Y
&3 agiinils neunszawludmniunils  AauvewuLIAINienINITUITITENY 1INEINS
(Rolf Landua) taguandt aunadnd (Higes particles) Wusuniaivinlieunindue (@alidl
d‘ a . = % -:id o aa . o C% =
w38 lumeuusniiiin Big Bang) HuanawINTNduAsAsen (Interactions) Audiu 113
Uszanaumangedaigdt 1aveseun1nsndinazaglugig 100-200 GeV wuadydn wdann
Ao o aa (%

NdunsASEITUaYAIABUY Lagyinlieyn1Adu JUIALAT UIAY0IYNIATNHLBIAE

wWasulundelal
GJuiinfireiSas “Metaphors for Teaching & Learning Particle Physics”

a v aa 4 & dll ~ ¥ o v va g & a
wnfnluszauilandeunaduseseniasidnladmivdiseny  Neilnsizuwifa

Y

s

wiatuenaldaenadesivanuinildandndisvuwagisouninow WalaguAdni Lyu
aunAtLs (Force carrier particles) v3afifdiAy (Extra dimensions) Muenwileaan

space Wag time vangAuanaliduinsLazwaglites lasueau (9u nales) 8133zAn Y

(%
o %

aglula “usululSunamsesdioynaudiniiiemse” wie “WenaNUANI 4 Fie wnu x

Y o & Y aaad a '
BNU Y BNU Z LLASLIRTLLR QWLUUWBQNNWBUS] RIRINZED!
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LalguaiSeuiiunussavdvanueindruintunisidlavurfnluseauiland

AU HasuesuasInUszaviuaueinaiuintunisaeligisoudilawuiAnimaiiu

a s

willeuriu A1nnisiladninermansnisuussesuuifnlussruidndeyninun 2-3 U wy

U A [

dunadn nsguunduisnisivelinudnlanwdenlussiui@ndoynialanau dreegiaguy .,

q

luidndounia Maiinusesendne 2 auniala (Wu Usesendng quark 2 )

[ ] ¥ =

Judusesdioymadudetiussmesning 2 sumety Unidndouniauneyniaindudei
wseildlureu (Bozon) Failed 4 vflanuylnuousaiugIuie 4 Wi ngeou (sluon) 1u
alémﬂﬁ’lL,msuammﬁfsLﬂﬁa%@&imﬁﬁu (Strong nuclear force) wazlwmau (photon) Ju

punALssimantWin (Electromagnetic force) Wunu (auilunfia)
9 I

Rolf Landua (2011#6) gus131 sunmahussiliSeulaiiounseaniianunsavinligiv

2 funeglndiuld nMsudansean (M3eeuniadnsy) Winsenineaty (Teeunia) 2 favi

v

TAAusIsEnIegy (MSeaunia) 2 Mt wiigdy M3eeunia) 2 duuavligniu 3e &

Usgglnituilouiu) Anuil wssaziinunsiuvifioynia (W3e giv) 2 fMidiinisuds (M3e

dl =l o ! U
waniasu) nzgn (13 BUNIAUILTY) TENINNU

a  w | J=
DANTIDYWUUIAD ...

An acrobat can only move .Lbut a flea can move
in one dimension along a in two dimensions.
rope..

A 37 wanan1sguinMstegresiifiauiivenwileluannnisiuivesywd
17 The Particle Data Group (2009b)

Tngumaidndauedn JUANEEDUY NUBNWTBINUAUY X AU Y WNU Z ey
wanludnsna mnusnyedlilanunsasuitenisileguesdiimatiuls Tunnssdin aunie

YIAENNaUaITaSUSkaviafountuliRmaiuld
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7 Globe fifesuielaeldnisguunindn mnisn (aneds Awiill)  #915an
o Ao o a 1 S =3 = 1 o & = av Yo
tnnenssunidufuegullon wasiiuiiswad dnnenssuautaiunsainfeunlaliies
1 ffwihiu dufe nspulydramivsenosnds waluseAuMananIntiu Wy uNasiang
= 1 4 Y A Y % aa a & = aa I aa, A
Mngaguudoniduiiediu e1vaunsoNewiuiifinTuNgn 1 45 (sl 2 4R) Ae n1s
Wwuludnsmhviensends uas nswulunistienielundn dsiuduldlesn eyniandl

< =] A i aaa A ~ L 1 [ 1%
PUIAENLINTG B1ATANTINBATULAZIATRUTIUSIRTLAWELT Nuyedisldansaiuila
Jui 8 nINgIAN 2554

Suihduunimvesnisousy Jsknsulasuwdasllannilainisiivuald Fatnsy

Aanssuluresufifinisagldansadniiunisladonnull Fweudounluiutiunu Aanssy

[

&
PNU

jud)}

9.30-10.30 Y. Introduction to Particle Physics (continued)
10.30-11.30 U. Lecture Review & Discussion

11.30-12.30 u. Q/A

13.30-16.30 U. Teacher Lab, Calculating Mass, and Visiting B40

Fraddunisussereieafdndounia Ine Rolf Landua [nuddilires3isesdnigu

LAg]

ntudunsidinguiioAnAauiiazay Rolf Landua [uidulngilunisreises

Mluu1nning

Mg /A ienisanw/meu lngagderauiin3eulili Mick Storr iden

213 waglyi Rolf Landua tWumumau witnaauinuausliuasiineululasunisiden wanil
a 4 v

Aouraula W dnSeuluszdudseudnuaisieslaiferiuidndeuniatng uwinagans

Jausdunartuiuinseudale

Rolf Landua #ouin ... agatieeiign Uniseundsiin dwinae seudiinieu uaged
UNSeweUzNoUMEaYNIATIUEIW WU up  quark, down quark, BWANATOY, uaz
a a a 5 < ::sll PN L . a a v a
alinnsou el Mawuadusuniaiugiuiieglu Generation 1 guilaidiy] waztiniseunds

N3N suRveIdnsaninSunduegfonisssidaasilng  MSeniudi Big Bang
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FIMFINUUTITUWINGANG (U Msaarediveseunailiiadesiuiluouniaiiaies
W1NN) AN ndamnegiaduegiatunniull [Rolf Landua Widuoununmiimuins
899N5218M18] WINTLIANUINNINUL Rolf Landua w@uein TnSeuaIsnsI1unennuiliesy
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Frauedunsiug Avnssuiiviesuufinsvesa (udg Luldvin wszandiin) 4
MIMPaaY 3 08N fle  N1INARBLNEMISNTIEINIENINYTEIUATNIAVDIBIENATEU N3
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naaeasednlndidingsn warn1snaaedvEnavresauNWiImANdan1sAs UL aEUuYes

Sanmsou

gj I3 d' [ o
QqﬂUULUUﬂ’]i‘WQ‘UﬁﬁﬂﬁlﬁJ%aﬂ Goron LAYINUNIIATIUIUNIUIA (I@IEJ‘U?%@J"IQJ) U
aqmvﬁmﬁ Falaan “effective mass” [mﬂai’:i;ﬁad effective mass ULASU LANUAI

Goronwy 83U kadlaussanain wiilieeudiferaglifiing uiddududiuwa 191

LAUNTONN effective mass VaITULe]

91nUu Mick  Storr - wilUiBeudin 40 Fseglndduninvesuuing 1 lufing
UNINeIMEansNeaIn CMS wag ATLAS uviau [JUlundsdeiseaasi@suves as.usuns

LY -3 = dy
WAz 73, W3NS AURzNANiluvaL]
U 9 NsNYIAYN 2554

o &g LY 3 [J [ LY L4 1% o o a a
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9
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puldnatiadivesiumentsWeuaslillemiliousuun 2 1599 A “A Possibility  of

Enereoy Violation” tlay “Some History of Particle Detectors”

J =3 a = Y & b4 < & ! A ac o s v
PnduruiluAvewsiies winfmeluviesaln Jensudunmasuy audalsdidleniait
Tvaae wusslalugrilsdaneiuidndeunia ninsiaveilleniuuude wazlilaly
aunsadinenansidudou luseninams nulyadlalaetasden  Falwiaueguais 15

9115 Uaadonuuzinil nuausarmtsdslaaniuunevideluriosayn was/vse $u

= acf
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uulunisayaneu wazsiuimindsaneiniurevnisdeluiosayale (Winedaynly

Uo) mudaduluguilsdoniuunevesiissiniiin 33 unu dndedeidudnateduinuy iuae

v a & o A ) Ay 2 o A P U v |
Andulagonisde wanilaviunisdeluiunevideluiesayanou

Pp1davuanii euaulnevestaswanndeinla wenduuInUsEnawansnle
wazazdnsnulsiutmameiulanies  NulasuigsALNTINAIE Hasdanuanazniluvy

luan#3e31 St. Pierre Cathedral wudsRnaasvinenuluale tsvuilonatindudnsesy way

S Y v PN Ay aa o v a
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Gufinfiawi3as “A Possibility of Energy Violation” (Jufl 9 nINYIAYN 2554)

Fulinuveasudanlaiseuiainnisileusseieves Goron efuanudululalunis
dflungniseusndndinuluiidndoynin  Mwsuwuull  auldldagdedn ngniseysny
wasuldldlaluidndouna wivsznudedn duldluadululildeefingniseysnuvndsu

[

e a So & _va l v Y]
wgniiu seasBuniined [{naulaauisagiuunaiiuyes Goron lhugasu]

Goron Wavssliumenisandss 2 asslunailndifesty Iegdsuisasiininugd
Aatuantes Auksnwezlioan) kv 1Aa1uIn  LEsluiANANINAIIAY WUUBUIN
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Goron AlEUBLUIAATIIN N1TinAnudveadsdlag Tularutugiseaunis (szau
Inufudus) Sududedldnailunsin Busidesnsanuwiugilunisinanudamnn (vse
AnuAaaaaulunIsinAudtey)  sAdedltinanlunisinanudtuuIy  AnuduRuS

1 A [ o 1 PN [ A & o &
senieanuAaaedoulunsInanudAurI IR llunsinaua dudel

Measurement time > r/Af
Measurement time A8 939a1 7 UNTINAIUD

r Ao ANASUINAIMTY (@evnndigadaunissiely 513gledn r = 1/49)

Af A9 anueataedaulun1sinenud
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1I9L31491A1ATIvRINAIA (h) AuviaAvkardIuveEuNITtIeiy  151agldaunisi

wansdevianaNliiuueuvedlawwdsn (The Heisenberg Uncertainty Principle) il
Measurement time > rh/hAf = rh/AE

gunstiuenis1in Mstandsnuvesdslag  Tildawiugiamile sududedddina
Tun1sin ¥se  ANUAAIAPABUYRIAINSN RIS (AF) azwdsuntudunainldlunisin

(Measurement time)

seiinezlstu WeosAeinsinndsuvetsyniandvdinduuiny fneaude 131kl
anunsadanaanuveseynalildaiuiueu ludnnaifitesnin th wis h/aq 1 dedu
& @ V1 [ 1 o A = o <
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[ gj I g.’/ QQIJ M v v} 3 [ I~ a 0:1 a
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a I 2 [~ a 1 4 dyd =
fanulululain  agniseusnundeanueialaiiluaie [neuntihddinisyais Vacuum
Fluctuation @38un1A3nTg "Bu" WaIUAINGYYINA Fuderiuirdaasila (Dark matter)

wazndsuila (Dark energy) 8¢ FwibAAnnslHuUNgNIToYSNYNAY Litaial]
Y q SR

Goron 171 wakilewenemuenit ngniseusnenasuldlilaluidndeuniadn
ol wawieenlininisy  (Agiand) Walalvindnedn ludnnaiiidesnd th vle h/ag

a s @

Usngnisadlunaiid@andeyniaferaliilulumungniseusndnaany
UUINNLALIIo9 “Some History of Particle Detectors” (u#l 9 N3N§IAN 2554)

flowyi Bubble chamber Mick (Storr) latanUseTAvasnisiaiuieIasinouniakuy
71199 MHaNALNITAUNUNTURSIFVD 5 MeLsiHun 1y Henri Becquerel 1ilal 1896
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Mick 3uLa18amn1sAunusIdnaainainuanlan il 1912 1ae Hess H@919U0a8

Y Y

-dy (% a2 o aa 1 dy a ! aQ v A 1 42” ] LY
JulUinUinaussdnanugeingg anfiudy  waznudnSunasdiaundunseauaies
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15dnunuentan (lildunanuasigmne Tulanwitty) n1sAunuaInga1vinli Hess 1

savatuualud 1936

Franailndifseiu (Uszanad 1911-1912—Feyait Mick uendulu Wikipedia sl

p3af) Witson Iarandosnsiafneynafiionduin Cloud chamber nénnsviauves
Cloud chamber #e31 Mgy Could chamber azfiloanesodiiegluninzdusbeen
(Supersaturated) iilefloynia  (n3e%ad) wridnalu Cloud  chamber  oymAtazy
Budnmseunelusznenvesueanased  vilvermeuvesueanseedunnduiuloseu @
aunsadaunnlaanndunied@uiag n13a31e Cloud chamber vl Wilson lasusieTaluiua

1wt 1927

waeIntuuBnua1ey Anderson leAnwaudRveseunia (M3e34d) sineq Tu Cloud

chamber (@sogluawuusivan) way 1wl 1932 wildUamensaunveunayianis i

v Y

v v a & | U A & = v a
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(Positron) nsAunulngnsauilatuayun1siuenImeufves Dirac 1wl 1928 WAgafuns

flogveuaans uasvinlyl Anderson lasieTaluiualul 1936

11t 1952 Glaser Wa5194A5899539TMBUNIATNLSENTN Bubble chamber Tngiinig

q

nano1a Ieae Mick) 21 Glaser lowsatusiatalunisasne Bubble chamber Tusgningid

Audesuazdunanendes ndnnisieuwes  Bubble chamber Ao nnelu Bubble
chamber azfivounad Wy lalasiauman) ﬁaeﬂuamaﬁaus‘jamm (Superheated) Lo
symAldeuTiiuveamadfiegluanzieudein sxiioaintumudumanisinaeuiives
ounIAtu MstesUresiiintudieliiniandanunsnieseidunianisiadeutives

sumalunevasls Tul 1960 Glaser Aldsaialuiuaainn1sasne Bubble chamber

911 1wl 1975 ladnisadaeiensiaineyniaiisendd Multi-wire Proportional

Chamber %39 MWPC Tag Charpak 1389 MWPC Hlduannisvinauieniuiniednsiaia

Sedlnines-yaes (Geiger-Muller Counter) wailldnwiuangluunnndt ilviaunsaineunia

Ifasidannin mIuszAusiaies MWPC il Charpak Tésusetaluualul 1992

v aacs [d

wazeg1eniiu  nsewmsvineunanldeglutagiungsulidiasdu LHCb CMS

o o

waz ATLAS  1uszlsidudaunnn wag nuAaeeddn  Tuazdudauuindatuse luiiie

aa s

v U Aaa s v e o/
ADUAUDIAIUADINITUBIUNWEAN IUﬂﬂﬁleJWIﬁlﬂiﬂﬂQﬂqiaJﬂLﬂH?ﬂUWﬂﬂﬂ@Hﬂ’]ﬂ
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.. NA9INUITE8FE817 Mick ARSI Cloud chamber @i
Yui 10 nInYIAN 2554

o & ::l' =3 = o = v = o w = = = [
FUUNUAUATY LANWALLIATULTIUUUNNUTZANIUVDULUDNNUY  AUDIIANNYY NUN

aanlumueIg Wenazlusiuvinfanssy “Treasure Hunt” @a5unauuielus

a & 1 1 1 A A a 1 1 1% a v
ﬂ%ﬂﬁiﬂJ‘ULLU\‘iﬂz’e}’e}ﬂL‘Uu 4 nay (MUABUNILAR) ﬂELL@aZHQMWBQL@lu‘ifnﬂlﬂ@]’ml,ﬁu%’]\‘i

vuald wagmAmeuiiegsenitmiliasulazgneos

NUAAIN LUl ULz ptiaeAReY AvirURaguveRiiawatinyinli

nuwnuldlaaulamAmneuiae insggausiasaneninaie)

uieian 1 v agynnguliundeiving duRednnin1swiamila 15mueImsand

Q.‘I U = -dl v 1
YU LAZNAUIIINNUIEU 4 ity
v a o & 53 A 1Y = [y
NUEUNAUNINTIUIUUUINS Lmnmuaauazmmﬂmaammauﬂu

Fufl 11 nsngAL 2554

[

[ Q’llrz [ -al' a QQIJ
JutJuiunnuednisausy WUSHNSULAI

9.00-10.00 Y. Bubble chamber tutorials
10.30-11.30 u. Concepts of particle physics
11.30-12.30 Y. Introduction to cosmology
14.00-15.00 U. Introduction to accelerators

15.00-16.00 U. Introduction to TIGS working groups

27991 Goron huziduledNteadn Bubble chamber website @siliilaniieiu

NTIATIEMEUNINITATOUNVRIBUNIA UagiioE1dUN1INITIAGRUNTaRUN AT Tu
Bubble chamber #&3dAgylugalifiadn Bubble chamber anunsansiainlaanizeyniai
fivszalnih(uan vie av) Wiy uaslianusansiaineyniafiilunaisle vistlmszaiely

Bubble chamber Hau1uuwiinan Lﬁaa‘u\;mﬂﬁﬁﬂizﬁﬂﬂﬂ’lﬁi’mﬁ’mﬂu Bubble chamber 3%
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chamber (9u lalasian) Faegluaniizdoudeein (Superheated) unndailulosou uaziin
Junewmnuduniansiadeuiivedsynia AAN15IULYIBYNIAILUIUBNTYIATBIBLARA
=

Vg TAlAULAUE LAUNIINITLARDUNIVDIDUNIATLUIVDNNLULLURLYBIDYNA (9

LNLILAS)

Bubble chamber liaunsansainoynmafiilunarmialninle vetimsizidle

a

aunanilunaramdlisudnunlu Bubble chamber 9zlifiussaaisudiintuivaynia

9

(%
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fedy aun1pdsldiinnisiadouninuulas (Hufs nsiadeunuuuianiuse) wazliinig
goydendsnulviiueznauvesvaavailu Bubble chamber Wolilasundany vaamaily
Bubble chamber FsliiiAnn1sunndudulessu uarlifadunesiamnsodunals aealsh
iy Tuunaasa nsvuiussrieynaidunarmislnihduesaeuveswaanaily Bubble
chamber AvibiAneynafldidunatsmislnihdu syaiafidaiainmsvuivinliiinned
ansadanala

v ad 2 . v | A e an v ]

Viuiifl Goron UsIEN8LESa Mick lawanuwsiuiauilaainnisaiegy Bubble chamber
a = = 1A % i o 2 v A a 1w a I3
9399 Fadlvwnlngnifidundesdesuniluidnies Goron Liadndn dninermansazany
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LAOUNVBIBUNIAUINTY

P2areu L duN15UTIE8IS0e “Concept of Particle Physics” 1mg Michelangelo
Mangano @adutinf@ndmmgud dusseneauaiilomenuildndeynia Wi syniayagiu
7199 (WA quarks kag leptons) WagdunsNsen (M58 WS9) SENineuUAAMETTIY JUTTENY

'
s acs o w o

Wi Fdnineremansngsumdniey ldlauanssluandainusvejadensnlaiaeri
W1 HuAe  MINRLINguiugIuiaunsaldesu1sUsINgn1sainesssusAlang (3uda
v v = o a v v ad S0 1o @ v
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[ A = Ay v ' a o o = ¥ ad &
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willoussaald Fadiguuuudwawdnie wignusainlulddedugunsasingg laldddn v
= ad S0 & = a oy . |
AUDIITINNURNUFIUTINTI “Nufvesndamnneda” (Theory of everything) Tutas

Vg9 HUITEENATINISHIRUNHNITEUSNENEIUN Goron tABHARIE (QLilalLFial)
Y Y 9 Y I
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Fraseundunisussensdes “Introduction to cosmology” Tag Geraldine Servant
N15UTsENELURIAINANTUSTENININTIETNE (Cosmology)  uTlAndaunia (Particle
physics) fussensliteyain msnmasssnuiidndoynia (nolmzids) szdielitoya
AenfulpssaduasiTaunnisvesdnsa dadudhwnendnvesnisanmdudnsnaine,
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aounnsaliintunouriindnsna (e Bie Bang) ileUszanm 13.7  Wududiiug
fussonelinmsmvesdsitninsnainewavinfidndeynnaulesin  fu dufe nrsm
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2 o & o, Ao g Yo o
LAY/N3D ﬁa'ﬁﬂ@u@'mLﬂua']Lﬂ@VWﬂﬁLvmﬂﬁ'l']asUEJ’]EJG]'J)

fassoudunisussetsiies “Introduction  to  accelerators”  lag Simone
Gilardoni  {U38N8I5AUMNTULARIIBNMATIBUAN YRS LHC  ynasiuled
(http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php) Tasildundoundsu
LAUIDNNARY ﬁ’uﬁagjmuﬁﬂmm 085U L undualulsioms (WUYoaITAINI
uugliiinlandu nufudifissindviefilusneundoufiaruiueg 2 vio dufle BCT Ay way
Aun) Fussorslitouaiieafunisisseynialusmeuy Taeldaunlnlihvesnduusimanlyiin
nsiuudroynelagliusingn 2 47 Oipole magnet) wagnsdudeynialasldusivin
4 41 (Quadrupole magnet) (s AW ILLARATILgILT:

http://microcosm.web.cern.ch/microcosm/L HCGame/L HCGame.html Tnawaanlanau 1

2 18g 3 MUAINUATUY)
YIAATEY0IUL Rolf Landua uukuzinfanssunguiiisendt TIGS Working Group
%ﬂﬂgﬁmﬁﬂ Teaching resource, Interactive displays, Games, wag Story boards ... N3

suanarideazionagngulnu

Juiinfisae3os “Some Ideas for Teaching NoS: Examples from CERN” (Jufl 11

NINYIAN 2554)

AsNeUTTENeTIETU I IRRLlARUIAAUII0E191ABIAUNITHDUAN BRI U89

555UYPVRINENFEnNS (Nature of science) #ail
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nstauSuAUszr sty Ghumaduled) seadsu  wansliifudsndusiug
sgrihdinemansuardsan (The social NoS) Fadudsiivanidedlalls Hetinsgiansaamis
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3 B
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wnlumail@ndnadans winginduanilunasdelussauidndennindn “e1ave” iy
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Y1 v au ! A A (% a a e a ' Y ldy
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LAINUADYULNUANANGIASU
UUIINALALISY “Uncertainty of Measurement” (3ufi 11 N3N§IAN 2554)

N15U55818983 Michelangelo Mangano Tuiuil (11 nsngiau 2554) Teumnileiing
= Y o ac = A Y o & v | e
fandnanulduiueuvedlawwdin - Fufsitesiuarudululaneuniavzdfungnis

AUSNUNAINY (Aviialkiy) Busseneleisnisasunulaula fall
9 I U Y
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a2 o A 1
PR IUNLEAUBINTBUSY TUSWASUTRatl

e

09.00-10.00 Y. Introduction to cosmology (Rovnidlonw)
11.00-12.00 UW. Lecture review and discussion

12.00-12.30 U. Selecting a working group

14.00-15.00 U. Introduction to accelerators (#oa1niia31)
15.00-18.00 W. Group working

P ndunisussensnelfuIngnaiInel lng Geraldine Servant faduiilonise
niilenull Enaulsaunsaniilvannudiausladl http/indico.cem.ch/) fussengly

v ! Y = Y a a0 s o, = o v a A
GUBJJ.U@'J'] AMUNYIYIUAUNN (NIDHFININ) dV “U1Y Wudansue a']ll’]iﬂ‘vn‘l@ 2 1% A

1. 351mem59 (Direct) way 2. 8lneoay (Indirect)

Wlasasaudunsesaineynia Miezduaansia i Weakly interacting massive

. b=} = a = I a I
particles (150 WIMPs)  faLdunieunainuenianuwaziloniavueunindia neglulan
(winazillenatiosnine) WeedeudunmsenaineynanaasiinUdeseoni wu lineu

SanaTaU InTnsou 1UsHoU wauRUIHOU wariinsly

N fussenetauailoniieituandliaunaiy sevislTinaaasiasysunn

=

Ufaansludnsma iedlimans  (asfidieusy) udeshdnvosuuitassnnsgu
(The standard model) Tun1seSurenisilegvesaasiln uwazanuldaunadiusenineeaans
wazUfaans (Husseeiaueisnsmdndiusenitvaasuazufaansie uinuldidnlaniu)
Tunouvneq veamsussens  fussenethiauenguimadenifsrfunisiieguesdanim

[J

(Extra dimensions) waz Supersymmetry (iulaifasAniwingdneglsiniu) Tudnsna
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1 ' [ A a = ~ 1% 1 = 1Y
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Teacher/Student lab (fanssunaaeslfjuanis)
Educational resources (ﬁ%ﬂiﬁmﬁwu%mﬁﬂﬁau@

Inquiry-based learing (fanssuimuINIsouswUUAUEY)

HuARFUlALEeNAINTTUN 3 T IZHUBEINTRIIAINTTUNTTUIWULAUENE SIU

Asied (Inglanzaznnuseinaanigelasn Fullnsdauaiunsiseusiuuiinuiuuai)

noul1etuNI5UITB8L584 Introduction to accelerators Ing Simone Gilardoni
soaniilenull Haulsaunsanilancuduauslan  http//indico.cern.ch/) Lilamn
Junisussenaieafiunsissenniallsneuly LHC Tuneuiudu fussenglivanaveanis
TdlUsnou (wnunaziludidnasew) JWusyniadidiurein1svu lieAnw1Us1N)n150ivn9
Handeuniadi 1. sumaldsneulsenoume quark 3 63 Wewnwuiu Jadllontanvzaany
[ ! ¥ I a® = - =) [
Jueuniaiien lunnindidnaseuw dadusynmayagiu 2. 1leannnsgadendsanuain
N3N 393 (Radiation) FaAnvuleaynianiivszgliiafsuiinuuiingiuss asuUsuniu
1Y) o w = o L a = o =
futiaveseunpeniasay  nsldlusneu @adlutauinnindiinaseu) Fansgade
wasuteeninsldBidnasen  Jusseisnansseiunasnuluanisedeuiivesiusneuly
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Tnandsudusmidudoulvvesnisiineynindnd (Higgs) farUszaa 150 GeV aatiy
U a s A ! LY o v < = a [
Uninemansiiodn nisvuiuvedusneunindanuuwn 7 Tev uleuluiiiieaneriy
nsiineunIAdnd (udewnin wwlifeunindndiiniu) dusseneliteyaineiuTanildvi
YpaInioasvanINwimin @vililusnewadouiioglu LHC) dnduilowdou-lnuillex
(Nb-T)) &3 (dwnaudnlalaiie)  ludasieriuivunainvenionsianiuidaunas

FUlAINTOU (BIANITUNITL)
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[
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a 1 a o & ! 2 gy = =i
gauuiivesvaadnegdl 1.9 1aadw) o Yagdudl aunudindnildmuaunisiafeuives
Lspeaulu LHC feuszanas 9 wmaan deanansadunseliadalusnoulviiidurugudnans
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Frvgarnevesiulunisdingusuanuauls ieiaueruAnTeImLLed

Fuil 13 nsngiau 2554

[

Suthduunulaveanisausy TUsHATUTAID

9.00-10.00 Y.  LHC Physics: Beyond the Standard Model
16.00-17.00 U. Optional Lecture

1 < . = dy 1 A
Prausnlunisussenelae Michelangelo  Mangano  @aillennsialilesunannnis
A o oo sl 1Y a v v Y 1 ¢
U8 TUIUNTINIUAN JUTTEBLTUAUAIINITUANIAIDE LA MNEWIY (Feynman
. = & o v U aa 4 ' [y 1
diagram) #Faduwnunmitlduansusingmsalluseauiidndoynia wu n1sUsIRETENIN
dianmsounazindnsounaninduounialui 2 f-tufe A0 wazuauAaAIISn wazn1s
o L4 s [ LY s = ! Y o A a
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weuRBinaToudmnsly (e tunun NHgLLIUTSEe aud1au)

AN 38 WARIFIDYIILNUN NN L

fian: http://www.quantumdiaries.org/wp-content/uploads/2011/07/eetoqqgbar.jpg

AN 39 WARNIFIDEIILNUN NN I

fian: http://www.a-levelphysicstutor.com/images/nuclear/feynman06.jpg
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properties, but in principle, it is impossible to view both at the same time,

despite their simultaneous coexistence in reality.
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What is particle physics?

The aim of particle physics is to study the

—— '_..r-.
f h h oth ical fixed
—_— .___‘____' orces they exert on each other. A typical fixe

fundamental building blocks of nature and the

target experiment consists of taking particles
Beam fram Colisions with  Measurement

accellerator e i detectar from a machine called an accelerator, colliding

them with atomic nuclei in a target, and

measuring what comes out in a machine called
a detector (see scheme on left). The bubble chamber, which served particle physics well for
about 40 years, playing a crucial part in establishing the model, is special because it is both target

and detector.

How a bubble chamber works:

Camera

Start with a tank full of liquid hydrogen. The ) . -~
protons in the hydrogen are the targets. Charged {E‘é L i::- g
: L i i =B
particles traveling through matter lose energy by % E:’ &
Parlicles ¢ O =

jonizing the hydrogen atoms. If one can record this 683 EL

ionization before the electrons and ions re- 3 g

[ Piston] ©

i 0 @

combine, we have a detector. Bubble chambers & b | —J =

are put in a magnetic field which separates the Bl

negative, positive and neutral particle. The Magnetic field
negative particles will curve in one direction in the magnetic field and the positive will curve in

the opposite direction.

In the bubble chamber, the energy imparted to electrons creates trails of bubbles along the
paths of the charged particles. These can be photographed, providing a permanent record of

the charged particles. Neutral particles do not leave a trail of bubbles.

In the bubble chamber experiments, the bubbles formed are allowed to grow for a few
milliseconds, and when they have reached a diameter of about 1 millimeter, a flash photograph
is taken (on several views so as to enable the interactions to be reconstructed in 3-dimensions).
From this data, physicists can calculate the total momentum of the particles making the track of
bubbles in the chamber. The formula for the total momentum is p2 = px2 + py2+pz2 Physicists
determined that the relationship between momentum p, mass m, the velocity v, energy E

and the speed of light ¢, take the form of

E'= p2c2 +mc and |o:(E/c2 V.
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The Model
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Looking at the model, do you see any interactions?

Part 1)

Did a beam hit a proton?
Use your ruler or a straight edge to determine the curve of the particles from point A. What do
you think the charge is on each bubble track? (Hint: remember the spiraling particles are

electrons)
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Sample Particle List:

Energy
Symbol Particle Mass (GeV/c) Mass (Kg) Charge Spin  (GeV) (at

rest)

e+ Positron 0.000511 8.687E-31 +1 Vs

l],+ Anti-muon 0.1057 1.7969E-28 +1 Ya

p Proton 0.938 1.5946E-27 +1 Yo 0.938

Neutron 1.43 2.431E-27 0 Yo

A Lamda 1.116 1.8972E-27 0 0

T Pion 0.1396 2.3732E-28 -1 0

o

T Pion 0.135 2.295E-28 0 0

K Antikaon 0.4937 8.3929E-28 -1 0

AV} Jay-Psi 3.0969 5.26473E-27 0 -1

Y Neutrino 0 0 0 Y5

Using the model, enter the particles and data for each particle in Table 1 below

Particle | Mass (GeV/c) Charge | p,(GeV/c) | p,(GeV/d) | p,(GeV/c) | Energy (GeV)

(beam) 8.26131

(target) 0 0.93827

Sum

Positive | 0.93827

Negative 0.13957

Sum
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We use conservation of energy to verify our assumption about the particle going left. If the
antikaon beam collided with a hydrogen proton and produced a proton and a pion, the energy
before and after the collision must be the same.

What is the sum of the energy of the antikaon and proton? (Note that the hydrogen proton is at

rest.)
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Part 2) If you concluded that energy is missing, you were right.
Now we must take a second look at the collision and the possibility of another particle.
- + - +
K +p 7 +p +X

K - (beam) p+ (target)
+p

Using conservation of momentum, the momentum before p must be equal to

the momentum after the collision p” + p” '+ p”“”know”)

The momentum x, y and z before the collision must be equal to the momentum X, y and z after

K - (beam) . p+ (target) - p+ X (unknown)
p =

the collision p +p +p

X (unknown)

Isolate p and rewrite the equation for the x, y and z components.

X

P T

X

Py T

X

Using the data from Table 1 calculate the answers

X

P T

X

Py T

X

Put these results in Table 1

To find the energy of X we use the law of conservation of energy

K - (beam) (target) - X
E + BV ET Py E
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X

Isolate E and rewrite the formula E ¥ =

Calculate the answer and enter into Table 1

Now we must calculate the mass of X

using the formula, E’= p2c2 +m’c isolate m and rewrite the formula

unknown

Calculate the mass of particle X and enter the answer in Table 1

unknown

Part 3)
Look at Point B on the Model.
What can you say about the charges on the particles at point B? (Hint: use your ruler to

determine the direction of the curve)

Do you see a connection between point A and point B? Explain:
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What do you think caused the interaction at point B?

Through experimentation, physicists have found that there are three possible outcomes for the

decayofKO:
D K— T+ T
2 K —p' o+,

3) Ko—nf + e

Decays 2 and 3 are very rare. The most likely decay is K— s T

As physicists, you must calculate the momentum and energy to confirm this assumption.

From the Model, enter the data for the particles involved in the decay.

particle P, (GeV/c) P, (GeV/c) P, (GeV/c) Mass (GeV/c’) E (GeV)
0

K

(From Table

1)

T ?

JT ?

Sum ? ?

Using momentum conservation,
K AN

px - px + px -
K zt

p, =p, *P, =
K°

pX =pl +pf =

Using the formula E’= pzc2 +mc
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£ =l F ol Tolos ol )

E=E" +E™ =

Using the formula E’= pzc2 +m’c rearrange the formula and solve for m

=B (o f (o f (o |

0
What is the mass that you calculated from the data? ™M, =

What is mass given for K in the particle chart? (Gev/c).

What is the difference between the masses?

(Gev/c).

What is the percent error?

Is the error acceptable?
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Part 4)
One might ask whether any neutral particles escaped the bubble chamber without being

detected?

Use the back of this page to show the total momentum and total energy before the collision and
decay, and the total momentum and total energy after the collision and decay. Show all

formulas and calculations.

Part 5)

Summarize what you learned about identifying particles from a bubble chamber image.
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ANUSSENENSHEnINInal (Globe) wiaualeunwlaniening

Intro) Our universe, vast and cold... What is it made of? How did it start? What is its

destiny?
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Big Bang) For thousands of years, mankind has been wondering about these

questions. The LHC will bring us closer to an answer....
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01) Everything started at the moment of the Big Bang, 13.7 billion years ago.
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02) Time and space begin when a tiny point full of energy starts expanding at an

incredible rate.
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03) An unimaginable amount of energy transforms into matter and antimatter ...
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04) ... but shortly after, all antimatter has disappeared, and only a tiny fraction of

matter is left - still enough for all stars and planets in our Universe.
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05) In the first three minutes, protons and neutrons form the lightest nuclei while the
universe continues to expand and to cool down ...

... but it takes almost 400 000 years until hydrogen and helium atoms can form.
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06) Now the Universe has become transparent. Light from this era can still be seen

today as the cosmic background radiation.
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07) Gravity begins to pull the hydrogen and helium together ...

... stars are born....

... fusion inside the stars forms heavy nuclei, the base of life ...
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08) ... and these building blocks are thrown into space when stars die in giant

explosions.
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09) After 9 billion years, gravity pulls some of these remnants together, to form our
solar system ...
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10) ... with our planet Earth

... where evolution gives rise to life, intelligence and consciousness.
= = S 0 & ) A Aaa yyva v X
s(i\ﬁ')llﬂ\ﬂﬁﬂ“ﬂ@%i'] ‘I/lLLM\TULENVI'J’JGLJU’]ﬂW‘JGUENﬁQM“U'WIbLG]L’ill@lusﬂu

11) Since its awakening, humankind has wondered about its origin ...

... and today we have developed the tools to give answers.
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12) Scientists from more than 100 nations are working at CERN on The Large Hadron

Collider, the most powerful tool to study the first moments of the Universe.
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13) The LHC is a circular machine of 27 km circumference ...
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14)...that accelerates beams of protons to more than 99.99% of the speed of light

and collides them in four collision points.
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15) Four huge detectors take snapshots of each collision - up to 600 million per

second.
F9HATDINTIVINBUNIAABUATIITUNAVBINTYULAGLATI TUAATY 600 AUATIREIUNT

16) In these collisions, energy is transformed into particles, just like in the first

fraction of a second after the Big Bang
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17) The study of these data will soon allow us to answer some of the big questions
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18) ... Will we understand the primordial state of matter before protons and neutrons

formed?
winnsainsinaans neuliwinduswmiudulysnousazionseu

19) ... Will we find the reason why antimatter and matter did not destroy each other

completely?
n3umnnad hluaansuasyaansliliianedeiuegeauysol
20) ... Will we find the particles that make up the mysterious ‘dark matter’?
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21) ... Will we find the Higgs particle that is responsible for giving mass to all

particles?
a ¢ adoquw ] a
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22) The LHC will bring us closer to an understanding of our Universe.
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