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. Electronics, DAQ & Trigger
. Flavour Physics and CP Violation

—
N — O

. Neutrino Physics

—
SN
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. From Raw Data to Physics Results
. Beyond the Standard Model
. SM Physics at Hadron Colliders
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. Introduction to Cosmology
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. Introduction to Monte-Carlo Techniques
. Search for BSM Physics at Hadron Colliders
. Medical Physics - Radiobiology of Particle Beams
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. Future Collider Technologies
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23. Physics at Future Colliders

24. Medical Physics - Particle Accelerators in Cancer Therapy
25. What is String Theory?

26. Simulation of Particle Interaction in Detector

27. Upgrade of LHC Injectors

28. Superconductivity and SC Magnets for the LHC Upgrade
29. Astroparticle Physics

30. Antimatter in the Lab

31. Collimation Systems

32. Closing Lecture
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3.1 ATLAS Visitor Centre

ATLAS (A Toroidal LHC ApparatuS) fian1snaaasildndoyninvad Large Hadron Collider
7l CERN Tnena3asnsiadu ATLAS Iévihmsaumiiloshlugmsaunulue o lunseuduvedlusnoud
mwmmum ATLAS mawnﬂmiammmnuLm‘wumwmwamaﬂﬂwawnimammLsﬂmu,mnm
WsN3Y, extra dimensions e space, miimﬂuﬁuaqLLiqwumumaamwaﬂmummnu dark
matter lulonan MeayavanIsAuNUYes  Higgs boson dvyilvidielun1snsianigednues
AaNUR boson naenaudisganiinvanasioly

TnggusseneliussenednuureaInnsITusynIai ATLAS #aanaun1silauerIung
UssENeieiu ATLAS  viliSuilsladuidaisnnumuiuvedineimans o Nuvall uazdsladann
N1SNNTYINNUVRIRAUTI QI TiD9AIUANTDY ATLAS H1unewilanszananeie
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3.2 Synchrocyclotron

\ATBAL39BUNA Synchrocyclotron (SC) NseRuUNEIY 600 MeV gnas1aduludl 1957 &4
Juedasseunmanseusnvaadsu lnaidunisueassferiveyuniauasiidnddaades ddlavinnig
Uniaawaaannnisviinis 33 U

AUTIEELAUTTEURAILALINLSUTDUTTY BAUTUAUMEIATENINATEIN  Synchrocyclotron
nulaimnlufivesdanans Fein@nunilavuifvaiialenunsen1snn Fadudavaunsinla
tnfnwlidlavseiinnudunnandagiulugansuduveansidendnd o CERN
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3.3 CERN Data Centre

CERN Data Centre ({Juilavesdsuveslassadafiugiuiansinuesinemans mans
UisuwasnsneuRamed Uinsiavniiusenouludediud nsdanisteyamaineimaniuaznig
Uspyumnslnatiuldldgunsaififigiueglu data centre & CERN data centre l#fin1suszananaves
Joyaunda 1 wegluvlunsas TurToeuwiniuwiuminusyann 210,000 wHuAgiFe?

(%
Y

IﬂEJI’AI‘Uii”d'WEJ‘LGWI"Iﬂ']iE]ﬁ‘U’]Hﬂiuﬁﬁlﬂlaﬂﬂﬂiﬂﬂﬂqisﬂaua@lﬂLLG]L@JE]?I@JEJﬂ@N‘\]UﬂQﬂ‘\]’%Uu wazle

<

’eJﬁ‘U’]EJLﬂEJ’JﬂUﬂ’]S%ﬂﬂ’]i?J@iJa‘U’eNL%iuaﬂﬂ’m LLamaqmﬂuunL%‘Lwnuaﬂﬂmmwmmwauamaq
WSuduanslugunm



TenumMaiTlasmsinAnwininggSeudsu 2558 7

3.4 Antiproton Decelerator

ANTIMATTER

1 @D “iaciory

Antiproton Decelerator (AD) Tiujlusnouiiindasnus q laevan ¢ iied msunisfnu
Ufjaans galumeuil AD lasiduaulagasne antiproton wadsliiunisvaaes
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3.5 CMS

CMS (Compact Muon Solenoid) Lﬁuméaﬂm’;ﬁ]ﬁuau‘mﬂLﬂéawﬁ!ﬂﬁ LHC Tnediithwunefe
NSANIRUUIIBDININTFIY (59u%4 Higes boson) WA extra dimensions LLaSQHﬂ’]ﬂ‘ﬁlmiﬂiﬂ
Usznoutuduaansiin wiiesiidhwneymdnermansiuientunsaaeses ATLAS udsiuld
wAdATILANAULEL NTEENLUUITUULIWENTILANARUS ndae

Feranssuidufanssuiidntufired msu summer student fisansuiu CMS wiiu Taild
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Tauwifduiivndeaemseildlfifuiveuniensans o Lﬁ'aaéhadwagﬂwﬁiawaaﬂmauméaq
voutues winidedymmanaiiauisegieildmsyihouiiidndssiu 13 Tev  lupsiigas
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3.6 CERN Control Centre

TmgUszasAras CERN Control Centre (CCC) FBlilesIa1104AIUANTIVUATN 8 LATOILTY
auNARanIUNIsTUAGaUlATeElad waglasiaeiugIunImumalla

lnegussenglalimnuiniluifesiu@suy  LHC  sasnaudasesnifestesiu CCC uaa
waanntuilalisnussenansyinuvesiau o Awill Suluiesiiegimunainssanvesiussens
Uuios
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sMm18 WuamuiinidudnuazianzMidsy emsmadeuusindnuaziesesileTnfigamgiin
17N 9 (fhands 1.9 K) wagihlugnszualniindigeda 20 kA taeiiden 1esanarandululdlunns
NAFOULIMENDI8IM (superconducting magnets) wasnAluladudndniidrunainranendy
sM18 Fegneenuuulmiudssnneamazmnlunisidifslaemiuiiiendn MagNet@CERN Lol
Juiluiineaeuralng Tnefussensldosunsuarlfnudifentugunsaified il wasdalonaly
FuuAugUnsaifidnuans ddldsumnuaulaluegrsiondidony

4. Workshops

Tngdrmanladlonangasnieaa 2 workshop Wt esmeszuziiatdudulunisdgd
swAansulunssil

4.1 ROOT

I3 a & o ) a ¢ v v & v o v
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4.2 Cloud Chamber

oyMATNIINdnTna (fadneaiin) aziurunzalansasaian lnefiliidusuneselsus
9e19la ustsAlianusanewiiudula win Cloud chambers aztsnsIanImIndulaeuantdun
nsiadeuiiveseyniamari dsagiilfaueuiuninedouiivesniniuld Suflevansdulciumn
wnansadumaniignuinnlifidsulumavasesedusniftensasiameynia

. "STOry
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5. Student session

Student session Judiuveinisinauenauvetindnwniageiou Jallvianisinaue
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UNN 2
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1. @d154n

Tu¥ 1933 dlawsuuinuAnieiu dark  matter 1JuAuusnfie Fritz Zwicky 910
California Institute of Technology lavinisAnen1siadeusives Coma cluster @3 Coma cluster
Junsganasndnssunelnguseneumeanndnaisdnsnitiunisegiisaintantuvszua 320 U
waananguanIdunuvesusiia Coma cluster Wunseynansdnsiieglussagyinanefiaunsnay
Anwinisindsuiivesusazaisdnslunszanls Wlndinulvawswesliiuninsiuwazliviaiuly
ueINfagAner  Zwicky IAIAAIILSINISARBUNVBINILANT LALDIAINUSINULNAUINNILIE
999 Coma cluster yananUAGIlFiNITInANEI1983 Coma cluster LaziINISAILIUNIAIIN
AaTNewiu nadilivinliunusenaalaiusgiaunn 1le9nuiaves Coma cluster AduIn
lganmsiaanusitunnnniuaiisiwaldainaiuaingds 90% widsimgud viral WeeSue
inanuedliiuees Coma cluster galaxies  asannwnuinanmilaainnisinanusinis

o = & aa ' = ! [ d' I ! o 14 Ql'
LAFDUNVDINMANTLANINNTINIANUTEUI AN TR NN TR 400 i1 vinlviw nulaynia
d1fggRe mameluveunaludngna widsmaindesdl ingusliiiudaduueunnesuiinasouss
Tlueae v09n3zgna1sdnsianeanuiiiiaisuedliviu vse “Invisible Mass” 8niugiuau

. a PN 1@ d’ll « 9
11N Zwicky Sonuiaiiuesldiviuiiin “Dark matter

AW Coma Cluster

HuRegaina1saansisuidnaansia windngundlussususnidireudinguinsonas
nsAunUUes Zwicky Aldlasuniseensululaninadn aunaiaiuasun 40 U Tud a.d. 1975 Vera
Rubin l@dunundngiudfgydnussnisnianud@iduadivesiiviuluenan assil Vera Rubin lalg
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ﬁﬂmnszqﬂmiﬁﬂiﬁy’quﬂ UAAN®IA1319NIAIRULNG 9 (spiral galaxy) wa1ea1519ns lnefne
nsMyuseUs ( Rotation curves ) agsaztden vnmadlvgvesasrdnseglusiansidnsiie
dunalivefnegnsinanss ¥09MIn1519NT AIEINTNLUITOURIDIVDIAAZAILYINITUARITIY
anasITEEYeINAUdnaendnTmieuiussuugierMnadlvgegasinans (Remseniing)
anuEifinaagiilaassounisendindAazanmaulunuszozriaainmeniing aanslaagia
ndlan lanlAasiiindinnadians a1dsarstaasiandianangia 1a uidsdinuainnisdane
mdnsiaiunduiduinmnulumsmuseusiies w 9ass 9 veauuisiulianuiiAeudnanad
lsagoanisaingudnarslumiila Vera Rubin fvmadenassuumaiiazeiuissingniseid ma
wsnAenamaniiasunldiunsigatiudriusiusvundmyedluameiunsle enaazldnmslailaiy
szuuitlvguunansdns eilsglaiitwin szazihlugdanilngininiivilunamansiasudly
lileuszuuruelng meftaesiesensuinmas 90% vesminsliiliegnssnansinaingd
Funald wieglnoseumadnslurinuiisdendesluuilnsinuuiniuiiava semegluiiu
pudemddldsmifuilifierlsegnseitu deiundadaliwimadenusn wifidsilsgudululdinnni
nseunuiidunstuduiunanesaansivesidivluennnwes Zwicky du Vera Rubin 39lé
agUinnadilvgvesnudndfoam s liainsoueaiuldvie dark matter duos

- -rotational ueldcilv

[km/s]

50000 : 100000
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AN Rotation Curve of Galaxy

Rotation curve vasnudnddensivlanuiilumsnyusevdneweniuing Tnsanuail
919innmnuiwesmsiadeuivesanvideieils ainsulusnesnawes Rotation curve azidu
Aduius sz veannlumeves km/s uazszegisanaudnarsnudadlumevesd
was nyvkdudrnidunsvuesnuiiildannsin Sinnguesthdufianansofiasmanuduiug
sgvhanasazauild Tudruvesnmiduduasdunsmvesanuiiildannisduamanin
AwETSTINDY
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Tnefinnsaniinudndvyuseuineaiiuinan nnguesimiazlii
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39 v Sduviiu
GM
v= |—
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M 78 1naveanudnd (ko)
V fla Audalunisviyuseuiaies (km/s)
R fle Sailanaudnarsniénd (m)
G fo Aasldugasena = 6.676x10-11 Nom” / kg~

' Y] o w 1 1 el i . = o
E)EJ’]ﬂ‘iﬁmilil’lﬂﬂ']‘ia\‘il,ﬂmmaﬁm’maEN?I’J’N‘WSEJ l.UleIﬂOSIty ‘U@ﬁﬂ'ﬂléﬂ% AN WIUIE
oA E ' & s A F §
nAtaTivswiuldagiaduananuduiusanaE@Lnis mass-luminosity relation

3.5
MLuminous X ‘/Z

loedt
L Ao Masdadainawasnuand (Luminosity) (W)
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Local Group

AN Structure Formation of Universe

ndeyatedlalasinitundsnesinga (Cosmic Microwave Background; CMB) filéann
pfien Planck wuitlulenanueassznouse 3 dauseiufie aasmluiiisdin deleguies
4.9 % winiu Twvdeiluaansiin (Dark Matter) 26.8% uaz waseuiln (Dark Enersy) 8n 68.3%
fefdslinuduiiuidainaasiiouasndanuiiafesrls Ingludmvosnuiinasfnuludiunes
aensfinwity

AN Cosmic Microwave Background (CMB)
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Dark Matter

Dark Energy

(FUnmUSInaudnduvesdaiiluesdusenouvesonamn)

2. LLUUﬁi’ﬂaaﬂﬂlaﬂaqﬂﬂﬂﬁﬁﬂ’iﬁﬂ

finsseauyigiuinaansia aunsouddld 3 uwuude
« gansilanuuiou (Hot Dark Matter)
« @ansiaLUUgU (Warm Dark Matter)
« aansfiawuuidu (Cold Dark Matter)

nswlwsazwuuduluauanuiuniuvesduannsy draasiinUsznoumesyniaves
wasnnuedadohdesdienuduiusiunininturesaasiin aasdauuudouiindinugeanus
govililiguuniligs aansiauvuguianusnfosniviliteamaifuasn duaasiauuuidy
\Husyneinusniian

LLUUﬁi’waawaqaumﬂamiﬁ@ﬁw fio WIMPs (Weakly Interacting Massive Particles) dafiu
Physics beyond the Standard Model Tugiuaas Supersymmetry (SUSY) IﬂamﬂLLiﬂﬁug’lﬂu
5550v7% 4 ¥ila Ao wselduals (Gravitational Force) wsausiwanlnn (Electromagnetic Force)
useflAdsegnatu (Strong Nuclear Force) wazussiamdasegiseou(Weak Nuclear Force)
wduldaansiinanunsoiiadunsisortuussddudldivindu Tnsaunsafindunsfzenfuuss
fuedesednsoulfifisadntes Srluruiinfaunfguiiaasinannsaiieedsunsisetu
puAlULUUT1009 IR I (Standard Model) I fidutusagliannsansamaansialdia
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Standard particles

SUSY particles

) Quarks @ Leptons @ rorce partictes | Squarks () steptons Q) SUSY force

https://indico.cern.ch/event/387916/
MW Standard Model (Left) and Beyond Standard Model (Right)

Weakly
Interacting
Massive
Particles

AW Properties of WIMPs

3. A3N15NsIANIEE5UN

ad & oy ar ad & s . . 2
BN15957IM@asiAdinIeNY 3 15 AB N5R5I91aN19AT3 (Direct Detection) N137137939
o . . E 1 2
9003 (Indirect Detection) UaganaIadateayna (Colliders)

AN Direct Detection
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N3ATIMEE3HANI19959 (Direct Detection) aztdun1sdanansalindunsn3e1veIaens
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Hpdutedvavetezao tnedsn1sddndueg9denazaesyinnimeasdldau tetdun19nseesed
neInaludunils lnefin1saaesig q wnueastuninsuuuduau

Indirect Detection

ARUIABITNITNTIINIAATLANIDBY
(Indirect  Detection) %ﬂﬁgdagjuuamuag’mﬁ’i’l
gansilaaunsaiianisusedes (annihilation)
Tudueyniayaguld Tnsnsdnwieyniad
el Aaganunsndoundulumanands
yosaaniinlatiuies

Colliders

gavheAeTsldinTaasaoynia (Colliders) Faduisaldluul lny Large Hadron collider

(LHO) inspussaunmavediulutagiuiuies
lneinguszasAndnues LHC  Ae Anwiid@ndindsuluszdvreansedianaseuliad

WeazidlafsiugIulasngAnIsuYesaansiogsou q A1 naenauliauIvesildnd lnalang

a A

Handounia Audusynaaaisiintues Talungul Meynemuwuudiasauinsgiuliaunsal

3
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indirect detection
——-

DM SM

direct detection

DM SM

o ——
production at colliders

ANLAAIITNITRTIINAETUALNALID

4. Wsandaansiia

Tulsaaiifunsmerudulldiisazdumeyniaaansia Inardonssounalusuiandi
aAndszdu 33 Tev (Arndssuaglutingtuillas LHC ogfl 13 Tev ) ilosaind1 LHC gnesnuuy
wlisuluiiEndsedundsnugegadl 14 Tev winfu Fesduedredefiazdoiindonssoyniall 4
ilesosfunuidevesidndlusziundsaguioluizes 4

[
a

wAlllesaIndn nunviluestilegiidndsedu 33 Tev  faudusuitudgiuliiinionsed
welaluszaunasnuil Fsdnduegidaazdeddtoyasn simulation Wefiaz@ny1in vnlueuan
wansafazaiaeseusiounalaluszAundauil waisazaumaansilaldlnilussaundenud

A v 1 ¥ v IS v A v 2 U
ﬂ?@‘lﬂ']ﬂEJ\‘ivLiJLf\]@LLa'J‘\]Sﬁiq‘Ulﬂ’J’]Li’]"ﬂ%llF’TJWiJﬁ'TLI'1iiWELUﬂ']iﬂu%WﬁﬁqiﬂJﬂlﬂﬂJ"lﬂu@EJLLﬂbL‘WLl

TnensnasihdeyatinUssgndliiulusunsusassnisnsininlag detector dslusunsufiian
14959991 DELPHES  TauniefduilliAe 320 wazdeyavesildndn 33 Tev  dwnain
SNOWMASS2013 fidmnudioyniailinns crossing fu wihfu 50 sie 1 bunch

n1sfieguasaansiinlumgnisaiiausaagldainanuliaunavesluuuiuniueiis
(transverse momentum) WsnuAvaseyn1Aignasistunlmivdsannssuiuvediusnou tny
vurnvaslumufuninesfimeluduaunsagnasuannndsuniuuuiniaiiviely (missing
transverse energy) Ingignisalillfidunuu moncjet 1w jet  (Hummnsaidennndifiedni
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LY 1 o/ 13 Lo o = o v
waugeldesndauesnin iliiAanssudiiieaieeynia hadron  (aynnfivsenousiay
4 o ' J 1 o 2/ . &
annd) wiadenlddndugunsisfiuiumnveseyniaignaineainnszuiunts hadronization ves
= &4 o ed @ = I~ v ¢ ¢ 2
quark e Fadumgnisaiindsnuannsaasudunald vnaunsvestedlmd € = mc
uies

Tnedyanmues monojet 1 szgnldifiofAunnantngues WIMPs (dark matter candidate)
‘J U 1 F e, . " d! o llﬁ' d v ] s v
fidenndeaiu jet 910 initial-state radiation (ISR) @sazihlugdsfiisasaumsialy Tngagdunalain

4 llyJ' = = o s ¢ o = ] e/ o
sl dansinanansafiufdmiusiveymagagiuldtne fduiudnsfaginndy
I = @ a = as o 4 a = o

nsguaunswmaiillild  feaindade “ISnmsasiamaansiin” 3nsnianleRedsnish 3 Uude
“Colliders” 1iuted Mindaunnan “JUnmuanaismsnsramaasilausasis” fAagnsafiugnasd
PR - v a dad 1, . . W 4 e '
\Jenndlumsdeiioniivedn “production at colliders” TnailuiwsnseiinaaNAveILYNIALATIY
lviingueseynaddniin

DM q DM

PO

DM q DA

. I ; e -
AM Feynman diagrams ‘Uax‘lmq}n'rmi monojet Faduwuu gluon jet 910 initial state radiation
dwiiunandnduasdansiinlunsdives contact interaction (§18) wag exchange of a mediator (¥77)

Tudauwesnish selection cuts waamnsNITalNng 9 L31lABINNMITI selection cuts vBd

L‘Vicqm'iai proton-proton collisions i \/E =8 TeV [1] i3 normalized integrated luminosity [3]

1 e '1 . = 1 £ g s c:] Vi c’l’ .
Winu 19.7 fb - (inverse femtobarn) mnqmawm&am‘sﬂssmmﬂuwaqmi'ﬂwmu Boson + jets,
Single Top, Top pair, Diboson

Tagdi Selection cuts luwgnisainuanudsil
1. Missing transverse energy (MET) 3110131 200 GeV

= 1 1

| P
2. Jet filiaunnvas Transverse momentum UINVEANAIUINATN 110 GeV/c wagiivun
993 1 [2] HYounin 2
3. 91uued Jet laitiiu 2

U 1 Qs :‘d 4 73 Qs :‘d
a4, A3 ¢ [2] 981719 Jet MNUYUINVBY Transverse momentum AINNGANUATNUTUIN
s849a91 dmsunin 2
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5. Muon veto Ineg@1 Transverse momentum ¥83i780uilAXNNTT 10 wagA1 1) vl
veuiiAniesnd 2.4

6. Electron Veto Iagfin Transverse momentum vasdidnaseudidinnndy 10 wagen 1
vpsdidnaseuliAieanii 2.1

7. Tau Veto laean Transverse momentum 98snMadiAnannnda 20 uazaAl 1 veanial
Hounin 2.3
Tawasdl cuts v8a MET fannndnauweaniinuddiuiie 300 GeV, 400 GeV, 500 GeV, 600
GeV, 700 GeV, 800 GeV, 900 GeV wazl1000 GeV
\flesanni Liﬂé’ahjmwﬁﬁauvamimsmaﬁwmﬁwé’aﬁ center-of-mass energy NNy
33 TeV fauts13ededn normalized integrated luminosity Wiviiu 10 fb ' 1w minsmausn
fanamudansiianunsawdasduaniu L

ludrvowmavesnuluafailferegluundaly Fudundonvesnisnszarefivesiiunds
FOANE R INTIHIUNTZUIUMS selection cuts 114 4 Wi Bedlayamaniiftasgnldifieiazy exclusion
limit sigly e lugimeuiiusannsamaasiialdlv Swnndiddailddamuiishillduans
JusEnsafiay probe wiaadsiialdunnualvutiues

VUL
1. Mandelstam variables

Wusuausiaviivsusndandasy, Tumudy, wazavadaynAlUNTEUIUNTS scattering Ly
JULUU Lorentz-invariant

s =(pl + p2)A2 = (p3 + pd)A2
t=(pl - p3) A2 = (p2 - pd) A2
u=(pl-pd) A2 =(p2 - p3) A2
Ing p fie four-momenta

s fia “the square of the center-of-mass energy”
t fe the square of the four-momentum transfer

lu Feynman diagrams
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B R s-channel
t-channel
(space-channel) (time-channel)

~ /s fifla center-of-mass enerey YBINTTVUNUVBIBYNIATULEY

2. CMS Coordinate System

=52

= o 1 &4 = i
Tasunu x FlUN center of LHC d@uwnu Z Aadid beam line

- Azimuthal Angle ()
g IauALLILAL X

- Pseudorapidity (1)
0
N = —In[tan(=)]
2
nJum'i'mmmLimmaumﬂ‘wﬁuwuﬁnumaumﬂmu Imaﬂwmmmnummuumﬁ

LAY Y (mmnnuuﬂumaumﬂ) asusuiuLnU Z (uﬂumaumﬂ) Imaaumﬂmm
Pseudorapidity &4 9 rmzﬂamawqﬂaanmnmsmmmmaqmiaamﬂfuu
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3. Luminosity
1dN
o dt
=) 1 a dN = o € = Y
J ABAN cross section, E‘ Av f\]']U'JULﬂﬂﬂqimLWUUﬂUL’JaW
. integrated luminosity f®
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Abstract

Dark matter becomes an important goal to be searched for many particle physics experiments.
The future colliders are also an important step to search for the dark matter, i.e. for 100 TeV
machine. In this project, it is studying about the possibility to probe the dark matter at 33
TeV proton-proton collider which is from Standard Model backgrounds to evaluate the
discovery potential using the single jet and missing transverse energy. This project can be a
part in the motivation for future colliders.

1. Introduction

The compositions of universe can be analyzed from the cosmic microwave background or
CMB. From the data of the Planck satellite, the Universe is composed of 3 components.
There are only 5% of ordinary matter, 68% of dark energy and 27% of dark matter. There are
several evidences that support the existence of dark matter such as rotation curves of
galaxies, gravitational lensing and structure formation of Universe.

There are 3 different ways to search for the existence of dark matter including direct
detection, indirect detection and collider. The future collider is the way used in this work.

The most popular candidate of dark matter particle is Weakly Interacting Massive Particles
(WIMPs) which is a popular type of extension to the standard model of particle physics. They
need to be weakly interaction, massive, neutral, no color, stable on cosmological timescales
and non-relativistic or cold to form the structure formation of the universe. They remain
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undetected and their presence in an event must be inferred from an imbalance of the total
momentum of all reconstructed particles in the plane transverse to the beam axis. The
magnitude of such an imbalance is referred to as missing transverse energy (MET). The
monojet signature can be used to search for the pair production of WIMPs in association with
a jet from initial-state radiation (ISR), which is used to tag or trigger the event.

q DM

i DM

Fig. 1: Feynman diagrams for the pair production of DM particles with a jet emitted from an
initial state radiation (ISR).

2. Objectives

To obtain background distributions after passing all selection cuts which are provided for
applying data from generator level analysis. The background distributions’ data is collected
correspond to a normalized integrated luminosity of 10 fb with proton-proton collision at a
center-of-mass energy of 33 TeV by using DELPHES.

3. Methodology
3.1 Detector Simulation

Background Samples for 33 TeV LHC used in this work are from SNOWMASS2013 [3]. All
background estimations are simulated with detector simulation named DELPHES - 3.2.0. Pile
up effect of 50 pp interactions per bunch crossing had been included in these simulations.

3.2 Event Selection

The selection cuts below are based on the monojet events in proton-proton collisions at 8
TeV, correspond to the normalized integrated luminosity of 19.7 fb™

Data sets: Boson + jets, Single Top, Top pair, Diboson
Selection cuts:

MET > 200 GeV

ji: pr> 110 GeVle, In| <2

Number of jets <2
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Ad(ji, j2) <2

Muon veto ( Muon’s pr > 10 and Muon’s Eta <2.4 )
Electron Veto ( Electron’s pr > 10 and Electron’s Eta < 2.1 )
Tau Veto (Tau’s pr > 20 and Tau’s Eta <2.3)

MET > 300 GeV, 400 GeV, 500 GeV, 600 GeV, 700 GeV, 800 GeV, 900 GeV
and 1000 GeV

3.3 Background estimation

Boson + jets, which is the electroweak background mainly from “invisible Z” decays and
WHets, is a dominant background remaining after the monojet event selection. The other

background processes are top pair production, single top quark and diboson processes,
include 27, WZ, and WW.

4, Results
The results are not weighted for each event.

4.1 DELPHES analysis

Numbers of events in the table below come from different integrated luminosity. In fact, they
should be normalized with some different factor to the same integrated luminosity which is
10 fb™! before adding them together.

Selection Cuts Boson + jets Single Top Top pair Diboson Total BG
MET > 200 3764484 3510145 10594331 1489799 19358759
n 3652856 3188605 10390640 1301965 18534066
Number of jets <2 245196 226689 135138 162951 769974
Delta Phi 112714 70006 35814 106750 325284
Muon veto 80181 40140 18205 68768 207294
Electron Veto 46821 9342 4168 34858 95189
Tau Veto 41675 5364 2053 26095 75187
MET > 300 25594 2807 870 16100 45371
MET > 400 20318 1378 493 11638 33827
MET > 500 17276 788 343 7779 26186
MET > 600 13960 578 274 3744 18556
MET > 700 12086 384 223 1642 14335
MET > 800 11013 270 174 668 12125
MET > 900 10030 189 136 220 10575
MET > 1000 8696 131 111 32 8970

Table 1: Number of Events selected at each step of the analysis, for simulation.
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4.2 Background distributions

First Jet's Transverse Momentum distribution after all selection cuts. First Jet's Pseudorapidity distribution after all selection cuts.

= -
[ 1 Boson+j = -
a B Single Top s s
g - E10E .
‘E [ Diboson & § [ Dibeson
£ B
o L
10°
1R
10E
1E
200 400 600 800 1000 1200 1400 1800 1800 —SI = IJ.! = I—a‘ ' N ,4 = I5
[ (.let1) [GeVic] n(Jet)
Second Jet's Transverse Momentum distribution after all selection cuts.
Second Jet's Pseudorapidity distribution after all selection cuts.
> =
] ] Boson+j - E
Qo o [ Single Top <] =] Boson+]
o 1 = & E Single Top
] [ Diboson § = tt
S ] C boson
qi10 r

200 400 600 800 1000 1200 1400 1600 1800
[ (Jetz) [GeVic]

Jet Multiplicity distribution after all selection cuts. Angular Separation distribution after all selection cuts.
[ Boson+] % =1 Boson+
[ Single Top 2 Single Top
L & it
[ Diboson @ Diboson
; 2 25 3
Jet Multiplicity A (.Jet‘_ Jet )

Fig. 2: Plots of basic selection variables for jets
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3,

2

Events/10 GeV

3

2

1000 1200 1400 1600 1800
Ef* [GeV)

Fig. 3: The missing transverse energy after passing all selection cuts.

5. Summary

Background distributions after passing all selection cuts in the results are leading jet’s
transverse momentum, second jet’s transverse momentum, leading jet’s pseudorapidity,
second jet’s pseudorapidity, angular separation between leading jet and second jet, jet
multiplicity and missing transverse energy where bosontjets is the dominant background.
Their data will be used to find exclusion limit at some confident level in the next steps in
order to know how far we can probe dark matter.
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NMANUIN

Diary:
Wednesday 3 June, 2015

| went to Suvarnabhumi airport. Thanks Dr. Maneenate Wechakama, my friend
Chalit Muanglay, my older sister Chonticha Kareesor and her friend for sending me to
the airport. After that | went aboard by Emirates airline with Krittaphat
Pugdeethosapol who is the summer student from Thailand. | felt very excited

because this is the first time that | go aboard and travel by plane.

Thursday 4th June, 2015

| departed from Bangkok at 02:40 and arrived to Dubai at 05:45. When the
time was 08:30, | departed from Dubai to Switzerland. | reached Geneva at 13:20.
Before | went out of the airport, | pressed the button on the machine for the free
ticket to go to CERN. When we were walking out, we saw Dr. Norraphat Srimanobhas
standing for meeting us in the Geneva Airport and then we went to CERN by the Y-
bus. We reached CERN first before the hostel. When we were there, Dr. Norraphat
helped us to get the internet account for using the internet at CERN. When we could
use the internet there, | immediately went to Saint Genis Hostel called "Foyer Robert
Schuman" with my friend by Y-bus again because there is no any CERN bus for
service on Saturdays and Sundays. When we had kept all bags, we went together to
the Carrefour supermarket in France for food. We have to pay in EUR only but |

didn’t have the money in EUR so | borrowed Krittaphat 20 EUR for paying the food
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there. In the evening | had some jet lag symptoms so | had to sleep as quickly as

possible.

Friday 5" June, 2015

In the afternoon | saw the 12 students and other people from Thailand at
CERN and then we took photos together and talked a little. About 2 hours later, Dr.
Norraphat helped me for CERN application as an external person. We had many
problems because | reached here before the summer student programme will begin.
Although we had the problems for this application, finally | could finish this so | got
the CERN account!

Saturday 6" June, 2015

| and Krittaphat went outside by the tram to find some wares because he
broke the plate in the microwave in the hostel. We couldn’t fine the plate in the
same size with old one so we went back to CERN because Dr. Norraphat called us to
get something. We got the kitchenware from Dr. Norraphat at his CERN’s office. It
helped us a lot to make the meal especially the rice cooker. After that | ot the

paper from Dr. Norraphat. The topic is “Search for dark matter, extra dimensions, and
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unparticles in monojet events in proton-proton collisions at \/E =8 TeV ". | had to
read all and focus on the sub topic of dark matter. | had to search more information
in the internet about this paper which | still didn’t understand. After that | planned

to write the report about the summer student program.

Sunday 7" June, 2015

| had to fine the Autormatic Teller Machine (ATM) for money in EUR in France
side because | can’t use the Thai debit card for money in EUR at UBS, the bank at
CERN. Unfortunately, the ATM in Carrefour was crash so | asked a guard at there and
fortunately | found it far away from Carrefour about 300 meters. When | came back

to my hostel, | continued reading the paper | got.
Monday Sth June, 2015

Today | practiced the pre-exercise for the PAT tutorial in the computer whole
day. In this tutorial there are the introduction and 14 exercises! This is too much. |
didn’t have anything else to do because the summer student programme has not

yet started.
Tuesday 9th June, 2015

| continued to do the exercise and searched more information which is
related with this exercise. Because it is new thing for me to learn so | took a long
time to do this exercise. | still read my paper and searched for some keywords in the

internet.
Wednesday IOth June, 2015

| still continued to study the exercise. After that | started to do the advance
exercise. When | finished that, | continued to read the paper and | had to focus on
the sub topics of “Event selection” and “Background estimate” in the paper. When |
didn’t know something in these titles, | had to search in the internet for more
information. | couldn’t ask anyone. It is very different when | did the senior project in

the university.
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Thursday 11th June, 2015

| got the new paper. It is “CMS Draft Analysis Note” which is internal use and
distribution in CMS only. This analysis note is about searching for new physics in the
monojet final state at CMS which explains further understanding of old paper that |
got.

Friday 12" June, 2015

| continued reading the analysis note. | read focus on the analysis note in the
topic of “Data driven background estimation” which explains about estimation of
Z(VV) background and estimation of W+jets background. | was confused something

about these even though | searched them.
Saturday 13" June, 2015

Today is a day of my relaxation but | still read the analysis note because |
could read and understood the English slow and some information is hard to

understand.
th
Sunday 14 June, 2015

Peerut Boonchokchuay, the last summer student from Thailand, arrived to
Geneva at 13:20 by Emirates airline so |, Krittaphat and Dr. Norraphat took him to
CERN. In this evening, we cooked together for dinner at Saint Genis hostel. The
menus are the boiled chicken and the omelet. After we finished the dinner | had to

read and summarized in the topic of “Data driven background estimation”

Monday 15" June, 2015

Today is the first day of summer student programme. | saw many summer
students in front of the CERN hostel. We watched the introduction about CERN and
acknowledged about the activity. Many summer students were going together to do
the CERN card and registered the CERN account at registration service. | met and
talked with other summer student from various countries. They spoke fluent English

as their language. After that | borrowed a CERN bike and then got a helmet and
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reflective vest. When | give the bike back, | didn’t need to give the helmet and

reflective vest back because they are free.
Tuesday 16" June, 2015

| continued reading in the topic of “Data driven background estimation” and |
had to make a power point to conclude this topic because Dr. Norraphat gave me to

do that. | searched more information and conclude in another power point.
Wednesday 17" June, 2015

| had a problem. | didn’t get any emails about summer student program but
some summer students got them. So | would someone tomorrow to help me to
solve this problem otherwise | wouldn’t know about the programme. I still continued
my work. After that Dr. Norraphat Srimanobhas, who is my supervisor, explained a
little in the details of my project. In the evening, | exercised. This is the first time that

| exercised by biking in France.
Thursday 18" June, 2015

| was going to tell the secretary of summer student program about the
problem about getting emails from summer student program. She told that there is a
technical problem about trainees’ part of non-member state summer student
programme and then she solved it. In the evening, Dr. Norraphat, Peerut and | went
to the center of Geneva by the tram. They bought some chocolates here and then
we bought the kebabs. After that we walked to Geneva Lake and ate the kebabs

there. They were very delicious.
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Friday 19" June, 2015

My supervisor explained to me about some detail of the paper that | still
don’t understand so | knew more a little. In the afternoon, | got a new working room.
It is the room for CMS’s summer student and it is near the room of ATLAS’s summer
student. In the evening, my supervisor let me learn about the detector simulation

program which is “DELPHES - 3.2.0”
Saturday 20" June, 2015

My supervisor went back to Thailand today for DPST’s activity. So he gave me
to do something before he left. | had read on the laptop about FCC-DELPHES
(Detector simulation for Future Circular Collider which is an integral conceptual

design study for post-LHC particle accelerator options in a global context).
Sunday 21" June, 2015

Today is my holiday. | had to wash my cloths and went to Carrefour to get
some meat, chicken, vegetables, milk and eggs for making meal next week. In the

evening | went running. After that | reviewed the papers that | had learnt.
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Monday 22" June, 2015

| had read more about other papers that are related with main paper which |
read before and | had practiced using the fast simulation program which is DELPHES
in the topic of “Quick Tour” and learned how to running this program without
parameters. | had learnt very slowly because it was new for me so that | had learnt

new things more.
Tuesday 23rd June, 2015

| continued reading the related papers with my main paper and | was still
confused some detail. | didn’t have much time to read the papers because in the
afternoon today, | had to visit some places in CERN. | had visited to the
synchrocyclotron which is CERN’s first accelerator and ATLAS which is a particle
physics experiment at the Large Hadron Collider at CERN. They were very exciting.
Especially the video which was shown at synchrocyclotron, it was really very

beautiful scenery.

Wednesday 24" June, 2015

Today | and Peerut had registered to attend the special lecture which is
about LHeC. It will be a detector for electron-proton physics at LHC in the future.

In the afternoon we joined it.
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LHC:

7TeV
ERL: (P)

60GeV (e)

Thursday 25" June, 2015

| had visited to the Data Centre which is the heart of CERN’s entire scientific,
administrative, and computing infrastructure and to the Antiproton Decelerator (AD)

which provides low-energy antiprotons mainly for studies of antimatter

xxxxxxxx* Data Centre **xxxxxxx **xxx Antiproton Decelerator *****

Friday 26" June, 2015

Today my supervisor comes back from Thailand. He asked about the details
in the paper and then he gave me event source code which is Z-boson decaying to

two electrons so that | continued the exercise.
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Saturday 27th June, 2015

| went hiking with the other summer students and | reached on the top of the
Jura Mountains in 2 hours and 30 minutes. Jura is in France. We went this hiking by Y-
bus so that this bus was full because of too many the summer students. So | got

some very beautiful pictures from there. When | came back from hiking, | felt

headache and had a few temperature.

Sunday 28" June, 2015

Because of hiking yesterday, today | was much tried and | had to sleep whole

day. So | did nothing today.

Monday 29" June, 2015

| could finish one DELPHES exercise in the event of Z-Boson decaying to two
electrons. In the afternoon, | had joined workshop about ROOT which is a tool kit for
data analysis, storage and visualization. | had learnt all the basic concepts and tools

ROQT. It's just a basic knowledge only so in my work | will have to learn more.
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Tuesday 30" June, 2015

Today is the first day of the summer student lecture. First topic is the
introduction which is about summer student programme, summer student labs and
others and followed by the topic of particle world. After that | had practiced one of

the samples about writing program code.

Wednesday 1* July, 2015

Lecture’s topics today are presentation, particle world, and theoretical
concepts in particle physics. | preferred the topic of particle world. In the afternoon,
Surapat who is one of the students under the supervision of Dr. Norraphat came
from Thailand to Geneva. | brought him to CERN and helped him to do the
registration at CERN. After that | helped him find his hostel in Geneva. In the evening,

we had travelled around Geneva Lake.
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Thursday 2™ July, 2015

Today we had learnt about theoretical concepts in particle physics,
introduction to accelerator physics, and phenomenology of the standard model.
They are very interesting especially the topic about accelerator physics at CERN. After
lunch, | tried to write the code in the same example and solve some problems in my

exercise.
Friday 3" July, 2015

We had learnt more in the same topics yesterday that are theoretical
concepts in particle physics, introduction to accelerator physics, and phenomenology
of the standard model. | preferred the topic of theoretical concepts in particle
physics very much because | had known new things that | didn’t know before. In the
working hours, our supervisor gave Surapat some programing work but | still practiced

my exercise.
Saturday 4" July, 2015

Natthorn Khongchareon and Thaweewat Khuangthip who are the summer
physics teachers arrived to Geneva and then | and Peerut brought them to CERN

hotel. The CERN’s hotel that they must stay is too expensive. After we sent them to
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the hotel, we went to our office. | practiced more exercises. There are many

problems while | was doing my exercises. These are very hard for me.

Sunday 5" July, 2015

| had read something about my work in the laptop but | couldn’t do my work

anymore because the internet at my hostel was very terrible.

Monday 6" July, 2015

We still learnt in the topics of theoretical concepts in particle physics,
introduction to accelerator physics, and phenomenology of the standard model.
After the lecture time, | had practiced a special problem in my work that is about
overlapping of two electrons and then Dr. Norraphat explained more about my work
a little. After that | continued my work. Some problems in my work could not be

solved so that | consulted Surapat and then he gave me the solutions.
Tuesday 7" July, 2015

The same topic is theoretical concepts in particle physics and the new topics
today are introduction to statistic, and introduction to accelerator physics. | preferred
the topic of the introduction to accelerator physics because | had got more about
accelerator at CERN. The weather in the afternoon was very hot today. | still did my
practice about overlapping of two electrons. After that my supervisor gave me the
homework about electron-electron masses. In the evening, | had attended the

special lecture which is HEP. It stands for “High Energy Physics”.
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***High Energy Physics lecture***
Wednesday 8th July, 2015

Nuclear physics at isolde, introduction to statistic, and introduction to
accelerator physics are the interesting topics today. The weather cooled down today.
| don’t like the climate like this because | may be sick. In the afternoon | and other
summer students who are working on CMS had a special conference in the topic of
“CMS Induction Session for Newcomers”. After that in the evening, there was the
party for all summer students. There were many snacks and beverages. This was the
special opportunity for me to talk and to introduce myself with others summer

students.

FHXCMS Induction Session™***  ***Symmer Student’s party***
Thursday 9" July, 2015

Lectures today are about introduction to statistic, nuclear physics at isolde,
and detectors. In the afternoon, | and CMS summer students had to travel to Meryin
for surface and underground visiting of CMS. There were free lunches there for every
summer student. Unluckily we cannot visit the real CMS’s accelerator in the

underground because CERN is running the machine for the physics at 13 TeV. After
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underground visiting, the speakers had talked about safety & access. | got two books
from CMS which are “The CERN Large Hadron Collider: Accelerating and
Experiments” volume 1 and 2. It will be my very exciting experience forever. When

we came back to my office at CERN, my supervisor gave me a new programming

exercise.

Friday 10" July, 2015

Lecturers talked about introduction to statistic, nuclear physics at isolde, and
detectors. They are still the same topic like yesterday. After the lecture programme, |
and the students from Thailand had a special lunch with Tutanon Sinthuprasith who
is Thai person working on CMS at CERN. We had talked and shared the experience
together. In the late afternoon, supervisor explained me a little about my work. After

that | had talked with some summer students about planning to travel at Paris!
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Saturday 11" July, 2015

Today is my holiday. | was very happy but | had to do my work a little. After

that | went to Carrefour to get some food for making meals next days in this week.
Sunday 12" July, 2015

| wrote my report a little because on the working days, | didn’t have much
time to do anything else except attending my summer student programme and
doing on my exercise and my work. Then | prepared some food for this week after
that | washed my clothes. In the late afternoon, | felt sick a little so that | exercised

by running this evening.
th
Monday 13 July, 2015

There are only two topics today which are electronics - DAQ & trigger, and
detectors. In the afternoon, | did my exercise about running Delphes with various
input files. After that in the evening, | and Surapat had met our supervisor and then
he gave us writing codes about cuts flow and many details about these. Writing

codes which are used in my work just started in the evening today!
Tuesday 14" July, 2015

The interesting topics today are flavour physics and CP violation, detectors,
and electronics - DAQ & trigger. | preferred the topic of the flavour physics and CP
violation very much because it is the physics that | studied when | was my university
so | had got more in the lecture here. After lunch, | was confused about my work
because | still didn’t understand and didn’t know how to start it. Thanks Surapat for
helping me. He had explained me more a little so that | just knew how to start my
work but this time was in the evening. | was very stressful to do the work with my
own. After that | went to France festival with every summer students from Thailand
and some the others. We saw culture of people there and watched many very

beautiful fire flowers. We came back to the hostel almost midnight.
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Wednesday 15" July, 2015

Lecturers had talked about flavour physics and CP violation, detectors, and
neutrino physics. | understood a lot more about neutrino in the lecture of neutrino
physics. In the afternoon, | continued learning my work and had to send to my
supervisor in the evening. Our supervisor changed an appointment from today to

tomorrow so that | had more time to do my work before sending to him.
Thursday 16" July, 2015

| had learnt about triggers for LHC physics, flavour physics and CP violation,
and neutrino physics. The triggers for LHC physics is the new topic today which was
interesting. After the lectures, | continued to do my work and finally I could finish the

assignment today!
. th
Friday 17  July, 2015

The topics of CERN Lectures today are neutrino physics, flavour physics and
CP violation, and from raw data to physics results. | was very interested in the topic
of “from raw data to physics results” because | had known about how we got the
results in physics from the raw data from collision. In the afternoon, | and Surapat
got a work about wring code to get the source and let it to compile and give the
final results. This work is too many hard for me because | have never practiced it
before. This is a part of the pure computing codes. Even though supervisor gave us a
little example, | still didn’t understand because | have to get it with my own. Didn’t
have anyone help me and teach me. It was just hell. In the late afternoon,
Krittaphat’s friends from Thailand came to CERN today and they wanted to visit

CERN so that we went to visit some places in CERN together.
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Saturday 18" July, 2015

In the early morning, | left the hostel to go to Paris. | went by the train which
could run with a top speed at 297 km/hr. It was really very fast. In this trip, | was
travelling with Peerut, Surapat, two foreign students and two teachers from Thailand.
Today we had visited a museum and then we went to the Eiffel tower in the

evening. So we took many beautiful pictures there. The weather here was very cool.
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sunday 19" July, 2015

Today we went to the Louvre museum in the morning and then we went to
the Champs Elysees and the Arc de Triomphe. In the evening, Peerut was going to
CERN by a plane and the teachers were going by the train to CERN too. We went to
the Louvre museum again in the evening to take some very beautiful pictures. This is

my one best experience to visit the famous places in Paris.

L] # 5

Monday 20" July, 2015

We had visited a church and other places. After that we were shopping
around Paris. We had walked too much to find souvenirs so we were too exhausted.
In the late afternoon, we were going to Geneva by the train. This trip was a good

time for me to practice English and learn about the culture there.
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Tuesday 21° July, 2015

The summer student lectures today are beyond the standard model, SM
physics at hadron colliders, and from raw data to physics results. | preferred the
lecture of “beyond the standard model” because | had known more than | knew
before. | felt very tired today because of the trip at Paris yesterday. In the afternoon |

continued and attempted to do the same work which | worked on the Friday.
Wednesday 22™ July, 2015

| had learnt about beyond the standard model, SM physics at hadron
colliders, and heavy ions. After lunch | did my work until 11 p.m. because | couldn’t

go back to my hostel since the rain had fallen very heavy.
Thursday 23" July, 2015

| like the lectures today which are heavy ions, beyond the standard model
and especially introduction to cosmology. | preferred the lecture in the topic of the
introduction to cosmology because it’s related directly in my project which | was
doing at CERN. | was not feeling very well today because of raining yesterday but |

had sill done my work until 10 p.m. and then | came back to my hostel.
Friday 24" July, 2015

Today they also explained in the details of beyond the standard model,
heavy ions, and introduction to cosmology. The lecture of the introduction to
cosmology today was very exciting because the lecturer had talked only about dark

matter. After all lectures, | had done my work and then Dr. Norraphat talked with me
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and Surapat about our projects but he only gave me the special suggestions about

social participation and practice English. This is a very stressful situation.
Saturday 25" July, 2015

In the morning | went to Carrefour for getting the rice because rice was
bought and out of the store fast after the summer student program opened. In the
afternoon | went to Longchamp shop in Geneva to get the bags for my older sister. |
found that | could pay in EUR or CHF such as 100 EUR or 100 CHF so that | chose to
pay in CHF because it’s saver. That time, 1 EUR was equal to about 38 THB and 1
CHF was equal to about 36 THB. | couldn’t get tax refund because | bought less than
300 CHF.

| exercised in the evening. After that | jointed to vote the summer student T-

shirt in the internet and the T-shirt in this picture got the most popular vote.

*¥*xx%%%The summer student T-shirt (2015)***x*x

Sunday 26" July, 2015

The two teachers from Thailand had to go back because their programme
have just 3 weeks nevertheless | just only have 2 weeks to leave here. | reviewed my
work a little. In the afternoon after | washed my cloths, | attempted to do my work
but the internet at Saint Genis hostel was very bad so that | could use the internet

to do my work anymore.
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Monday 27" July, 2015

Today | came to main auditorium very early to hurry doing my work. After
that | could finish compiling some of the codes. The topics of the lectures today are
introduction to Monte-Carlo techniques, search for BSM physics at hadron colliders,
and introduction to cosmology. | understood a lot of things from the lectures. After

lunch, | had done the work until night beginning so | went to my hostel.
Tuesday 28" July, 2015

These are the topics today which are introduction to Monte-Carlo techniques,
search for BSM physics at hadron colliders, and medical physics - radiobiology of
particle beams. | understood about how can apply the radiobiology of particle
beams to medical physics in the real life and its benefits. After lunch | had done my
work. Good luck for me! | could accomplish my work and | got the same of some

results when compared with Suparat’s results.
Wednesday 29" July, 2015

| prefer all the lectures today which are future collider technologies, search
for BSM physics at hadron colliders, and physics at future colliders. After lunch |
continued my work. | was so much stressed on work. So in the evening | consulted
with Dr. Maneenate who | can usually ask she for helps. After that | felt relaxed a

little.
Thursday 30" July, 2015

The lectures today are about future collider technologies, physics at future
colliders, and medical physics - particle accelerators in cancer therapy. | preferred
the lecture of “medical physics” very much because | had known how to apply
physics of particle accelerators in cancer therapy. In the afternoon, we had the group
picture after lunch with Thai people at CERN. After that |, Peerut and Surapat had
attended a workshop today which is about cloud chamber. There are many modern
types of equipment here. We were very excited because the S’Cool LAB’s tools were
very interesting. After the workshop, | had joined the special talk which topic is “The

Rosetta Mission - Where no Spacecraft has gone before”. This talk provided an
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overview on the Scientific Highlights of the Rosetta Mission. After travelling through
the Solar System for nearly 10 years Rosetta arrived at its main target, Comet 67/P

Churyumov-Gerasimenko, in August 2014.

Friday 31" July, 2015

The lectures’ topics are “what is String Theory”, physics at future colliders,
and medical physics - particle accelerators in cancer therapy. | preferred the topic of
“String Theory” very much because | had got more about modern physics theory.
There was the special lecture in the topic of “what is String Theory” again in the
afternoon but | couldn’t attend it because | had to join the visiting programme of
CERN summer student. So | had visited two places, CERN Data Centre (CCC) and

SM18 which is for testing magnets and instrumentation at very low temperature.

Saturday 1% August, 2015

| washed all my cloths and then | wrote the abstract of my project because |
have to write the report about my project for uploading to CERN website before |
leave here or my programme ends. So | have to write this report and then send to

my supervisor for checking. This report has 5 pages only but | have to write carefully.
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In the evening, | went to Geneva Lake because 1" August is the Swiss national day. |

saw the shows there, especially the beautiful fire flowers.

Sunday i August, 2015

In the morning, | saw this message in the summer student group in Facebook
“BIKE STOLEN! Hello everybody. | have sad news: Last night someone has stolen
my bike (no. 590) and probably wrecked some other bikes in front of building A in
Saint-Genis hostel. The owners of bike no. 726 and 938 should check the status of
their bikes since 726 had the front wheel missing, 938 had broken front side (possibly
attempted to take off front wheel). Also there is one front wheel still attached to the
bike holder, so probably the thieves took away the frame and afterwards put the
stolen front wheel and frame together. Please, check your bikes!” | was very shocked
because the number of my bike is 938!l So | hurried to check my bike. After that |
fixed the front wheel with the bike’s body and then | took it from my hostel to CERN
so | had to walk back from CERN to my hostel.

Monday 3rd August, 2015

This is the last week of summer student lectures. The summer student
lectures today are simulation of particle interaction in detector, upgrade of LHC

injectors, and superconductivity and SC magnets for the LHC upgrade. After the
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lecture, | returned the bike to CERN and got the money back which is 100 CHF. It is
around 3600 bath. Hopefully the thief couldn’t steel my bike otherwise | would lose
the money from the deposit. My work today was retarded because | understood
something wrong since | used the analysis database files from Surapat. Actually |
should work on the run data at 100 TeV but this data is still not finish so that | have
to choose the run data at 33 TeV instead of 100 TeV. Unfortunately the webpage of

loading of 33 TeV was crash. | have had many hurdles.
Tuesday 4" August, 2015

| paid the entire hostel’s rent. Fortunately | got a discount of 9.4 EUR because
“I paid consistently and regularly”, receptionist said. However | was still confused
that Krittaphat had paid entire hostel’s rent before me since last month but why he
didn’t get any discount. After that in the lectures, | had learnt about
superconductivity and SC magnets for the LHC upgrade, astroparticle physics, and
antimatter in the lab. | preferred the topic of “astroparticle physics” because | love
this subject. In the afternoon after the lectures, | wrote the main code and the code

of plotting a graph for my CERN’s project.
Wednesday 5" August, 2015

These are the topics today which are collimation systems, astroparticle
physics, and antimatter in the lab. After the lectures, | continued my work. | could
finish writing the code of plotting various types of the graphs so | was very happy. At
17:00 to 18:30 in front of the main auditorium, there is the summer student poster
session. | was looking the entire posters which are only 20 topics and after that | had

to go back to my hostel to finish my project.
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Thursday 6" August, 2015

We also learnt in the topics of collimation systems, astroparticle physics, and
antimatter in the lab. In the late afternoon, | could finish writing my report which |
had to send to CERN and then | sent it to my supervisor to check it again. After he
checked it, | corrected something in my report. | just noted that the numbers of
events passing each selection cut which | wrote in the Microsoft Excel came from
different integrated luminosity. In fact, they should be normalized with some
different factors to the same integrated luminosity which is 10 fo ' before adding
them together but | didn’t have much time to correct all of them so | just cave the

comment in my report.
. th
Friday 7 August, 2015

Today is the last day of summer student lecture which is only the topic of
closing lecture. Lecturer just said one hour only. In the afternoon after my supervisor
checked my report, | sent it to CERN Document Server (CDS). In my report’s result,
there are some mistakes about my work but | didn’t have much time to collect the
work because | had to send it before the dead line which is before | leave CERN. In
the late afternoon, | had to go to 11 places of the services to get the signature to

show that | can leave CERN. | had only 1 hour to do this thing. | felt very tired.
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Saturday 8" August, 2015

| took my entire things in the luggage and | had to leave the hostel before 11
a.m. after that | took the Y bus to the Geneva airport with Krittaphat. A few minutes
later after we reached the airport, Peerut had sent me and Krittaphat before we
departed here. | would go to Thailand but Krittaphat would go to America for one
week. This is my first time going aboard alone. | departed from Geneva at 15:15 and

arrived to Dubai at 23:35.

Sunday 9" August, 2015

| departed from Dubai at 03:00 and arrived to Bangkok at 13:00. CERN’s

summer student programme 2015 will be in my memories forever. Endl!!
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