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CERN Summer Student Program 2013
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1) Accelerators 15)  LHC Upgrade

2) Accelerators in Cancer Therapy 16)  Monte Carlo

3) Antimatter 17)  Neutrino Physics

a) Astroparticle Physics 18)  Nuclear Physics

5) Beyond the Standard Model 19) Particle World

6) Cosmology 20) Physics at Future Collider

7) Detector Simulation 21) Search for Beyond the Standard Model
8) Detectors at Hadron Colliders

9) Electronics and TDAQ 22)  Standard Model

10)  Flavour and CPV 23)  Standard Model Physics LHC
11) From Raw Data to Physics Results 24) Statistics

12)  Future Colliders Technologies 25)  String Theory

13)  Heavy lons 26)  Triggers for LHC Physics

14) HEP Theory Concepts

rdaussenenaula

Astroparticle Physics by Prof. Laura Covi
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1) Supernova remnants (SNR) 910 Fermi Shock mechanism

2) Neutron stars/pulsars mﬂaumLLﬁmﬁﬂﬂ’muLﬁNQﬂ
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3) Microquasars 910 binary systems NUGUATUULAGDUNINILAIALGS
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1) Active Galactic Nuclei (AGN) Blazars 910 supermassive black hole naranuénd Fadu
wvaIniinuag relativistic jets

2) Gammar Ray Bursts (GRB) 311 narrow beam 984 intense electromagnetic radiation
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charged particles md’lﬁqzyLﬁawﬁ'ﬂa'lu'lumitﬂa'auﬁﬁa \fim interaction iU CMB  photons
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Accelerators in Cancer Therapy by Prof. Ugo Amaldi

. = o = 1
Accelerators in cancer therapy LfJum‘sUﬁmaLnmn‘uuwuﬂmaamiaamaqmﬂbma
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1) Cyclotron - 3seymel¥iindeuiiuuy spiral indeasswinilduagnaunsnarslutiagiy
Tumsieseiazinwilsn

2) Synchrotron - Tdlseeynandsaugs feg1adu storage ring Tu LHC

3) LINAC - 1398yn1a hadron uaz Sidnnsou
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Multileaf colimator

Standard frequency
3 GHz |— =

U 2: ($18) Enwaiziedosans3sdan LINAC uazdegnanimieuiioinnisusu collimator
(2171) ﬂ'TW‘ﬂ'TﬂLﬂéﬂﬂa’]?l%ﬂ%ﬂ’]ﬂﬂ’W'iﬁ']ilﬂ’]WQ']FI%Iﬁ%ﬁnﬂﬁﬂVnﬂﬁhﬂ61

nsaesedlaeniluldimiansaiuu LINAC  aefedundsdiuvessnenie lnenisusu
collimator imduguiewilefisesnisiiu feg1aveanssney IMRT w3e Intensity Modulated
Radiation Therapy with Photons dsdnduesssdidndainiieniasine feguil 2 (¥3) uazuiuen

v o N d & A o v & ' I o ol ) X o g w .
ANUTNYDITIEBND Wiavhanefawile agnelsfinu n1sanesadludnuasilvilli healthy tissue gn
ianglume Feeeniuaudsann dose 09593 Usznaudunisiiussegiainisatesdiielu

healthy tissue i

Protons and\ions spareiealHyISSHES)

200 MeV-1nA -~
Protons

S ——
4800 MeV - 0.1 nA
carbon ions
(400 MeV/nucleon)

JUT 3 MlSeuiieusendng Xrays Aikuieuilely fu protons
38 carbon ions i nnevisengaiineuilonad

nsaneseduuunewiielasu dose Tulsunamnnamnsavilalagld protons %38 carbon
ions  wnun13l5eEaNg e nlusmeudl Interaction  Aulwadilleinfouiiiuad vilvigayde
ndual wazngavselidmuneineullotuned inlineullelasunisaiesidnisanuiduuin

dM3U carbon ions Hudaslindanuadlunisss Iedesefeinsansiaynia synchrotron

WewSyuiflsusedond iU proton beam Wag carbon ions Wil proton beam %9310
LA3D9L39 cyclotron  @unsasnwngialanne q Aunsatesidend uavdwiane healthy tissue
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Aoan1svanewaduzisInien1sanesadntanudugai dedld carbon  jons  91NLATONLIS

synchrotron @eiin1ssnwanvaeiludsswmaglu wavelsy

Antimatter by Dr. Michael Doser

9nUTEAIANANYBINISANYT antimatter  (Ufaans) Ae ilonouniuiiin antimatter v
matter (#@19) ﬁﬂ'ﬁ’lﬂgﬁ]@:ﬁ? q i meldlny %aﬁﬂﬂémiﬁﬂmmwﬁ symmetry ag symmetry
breaking 1ONING MITUTUYDY matter-antimatter Sufnoynaly ¥Endae Mdsuiinisds
Tsmauluwuiuiedea isldils particle-antiparticle pair 88n wazsas antiparticle wianty
Thpdeuiithandioliamisansiatauazihlu@ine Interaction 52134 particle-antiparticle #oly
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WiasTinnves Antimatter lusssunilaendn 4 feanivdeeatin nsveassiivhauladien
antimatter lu§s@nsainde nmsnsataluudnafidunvemisund fwmeduniziusdneainls
vanun 39ldi¥edaeaiiniiuinddanluvsnaiiunvesniedund wiileAananssnuain
avudwmdnlan Aavanunsanudneainldluuinadnani Inedunnnisiasuwlasianienis
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Searching for antimatter in the cosmic rays reaching the Earth Shadow of the Moon as observed by Milagro

T y A y 5 .
a 1 angular resolution
| 3 of Milagro

Moon shadow is affected by
Earth's magnetic field

Mo double shadow =
cosmic rays only have one charge

low energy events

~ Mo neutral cosmic rays

Ul 4: (d10) nmuanssiumisvestanuagaisduns Gausians moon shadow
LQUU%Lﬁmﬁlﬁlﬁ%Uélﬂaﬂ@ﬁﬁﬂ (9727) N3 MUEAY moon shadow LﬁﬂﬁﬂwaLﬁ@ﬂ%?ﬂﬁu’]NLLﬂjLﬁﬁﬂIaﬂ
Antimatter  fin1siludssendldluaunisunndwuiu lawn positron  emission

tomography (PET) uag radiotherapy @wu PET scan Lumsanenmiadmidunsandulutiagiu
$ren19ii radioisotope  ilulusnanglignsumis i ldesnouvawigesiululuthma iadu
ihamaluanalval Wadhginenie faznugestuluvinadiinsldimamndaiuuinadiiiden
waeldean W auawmaztila andufivhnsanenamiueeazdinanainseu 9 fiAN19 Nag
13130 reconstruct  a¥eaziuldlunuuaudn venanaviildnenmuziuds PET scan 8

AN1150LEARINTUASULU AT BNISYINNUTBIEND LA DNAE
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#1113 Radiotherapy  twdunisanedediiiednuiuzide deiindnnnsednefuluide
Accelerators in cancer therapy LLmﬁluﬁﬁf Iale antiproton Lﬁami%’ﬂm mﬂmamimaaqﬁ@%ﬂé’w
naesiuiieidorecdnd wuin 14 antiproton  Usinastesninlusmevlunisyhanewaduzisesiuay
Wiy ee9lsAnu antiproton  §inM1snsEanemuInnINdeinans healthy tissue snnIlusnoau

Tusnauedudusidaninldiusg1aunsvanslunissnenuzisa

Potential Clinical Advantages?

Each Particle Type shows distinct features

= Protons are well known and easy to plan (RBE = 1)
which is the reason they are most widely
adopted.

= Antiprotons have lowest entrance dose for the
price of an extended isotropic low dose halo.

= Carbon ions have sharpest lateral penumbra but
comparatively higher entrance dose than even
protons (no RBE included here), but show forward
directed tail due to in beam fragmentation.

Detailed dose plans (including RBE) will need to be
developed to assess applicability of particle types
for different tumor types and locations!

U 5: slide WWiguiiieutenveseunmausazyiaiitanldluniesanesed

3. NISLEYNYY

Aanssumsieusuanuiiig q ludsudalemalitdnfnwldigeusuiasensiaineynia
muanndlsing 9 ves Large Hadron Collider (LHC) @sliiiuia3oinsiainvesata ilesan LHC agflu

5enINNTUAUTUUT Inedmianlaleuvanazduninnanlinal

3.1 ALICE

A Large lon Collider Experiment 3o ALICE iluaanfigoslu LHC fgnuszasaiiiefiny
U5In9N15aiNAnINNsYUiuYes heavy ion (Pb-Pb) Litefnwaniug quark-gluon plasma lu
Quantum  Chromodynamics (QCD)  uenanitmandsladnlugluiesnivan wazdadllauin

U@ne detector 31894 wazduaIung ¢ Tu ALICE detector 8nfae

9 9



| enuNsinsulasnsindnw aegeTewdsu Usednt 2556

JUN 6: (Uude) ALICE detector (UUY31) Zero degree calorimeter neluusianiauanstudiuly

detector (819%18) Silicon pixel detector (d19931) #osAIuAN ALICE detector
3.2 CMS
Compact Muon Solenoid %38 CMS experiment tJunildluannfinsivineyninves LHC

Anwusingmsaliluluiid@ndeunia s3ulufis N30 Higgs boson, extra dimension uag dark

matter MNBUNTNILINITVUNUTEMINUINBU-LUTHBU

gﬂ‘ﬁ 7: CMS detector
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3.3 LEIR/LINAC/CC

3‘1117; 8: (Uug8) Low Energy lon Ring (LEIR) waz ([ov) Linear Accelerator (LINAC)

(A13de) iesesmeuiamasluesriuau LINAC Fetmidnlalunaaestls (819) Servers igudnauiiaimes

Low Energy lon Ring %38 LERR iJuaseustsayniafiisslessuvesnziudilulu LHC uas

Linear particle accelerator %38 LINAC 1luin3ousiounindiunsnilissounialusnounawudig
LHC Ineilidu LINAC 2 uazazgnivdewdu LINAC 4 Tul 2017 vse 2018 1A3edissounAvvael
AIBEN main site YOUTTU uaNANT PmdndaldiBenvuipsnruaNduiua Fadanunsaldaule

93¢ uazlBenvuAudneuiamesTuaulUiie servers 1NNy

3.4 Antiproton Decelerator

Antiproton decelerator w@n low energy antiproton Lie@nw1aNUAuas antimatter éﬂﬂ
nstBeuuiifie Dr. Michael Doser #ulufussensiios Antimatter Tiuninisiues wenantl
Dr. Michael §awenenumvuieativayutin@nudieviiidednme wazmnlasaulafaunsadadiua

Tunnle 15139Rudunuunn
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gﬂﬁ 9: (418)) Antiproton pipe & dipole magnet @unkutag quadrupole magnet &LAg
(¥31) meluannil antiproton decelerator

3.5 SM18 Superconducting Magnet

o
Y

sM18 Hudoeimsiues Wuanuiidwsunaaeu superconducting device nouazRnm
Wrluguasensiounin  Feninaziiunisiegeuianuesedldnaniulisefiiien aelusinisdsdl
N133nLAAITUEILANN 9 luaTausseaunIa Wy MadarnweianisluinIausiauna dasenay

TdeviedmiueuninaesruIu wagdnuilwisauuudmiu superconductor

-

|
it

JUN 10: (1e) iesesileflinaaeu Superconducting device meluannil SM18 (¥31) MmeluvioreunIodse

3.6 LHCb

Large Hadron Collider beauty %38 LHCb Hunilsly detector wos LHC Jsfnwnieniu
CP violation 21N9UATAIE1YDY bottom quark \fiea3uny matter-animatter symmetry W@z

Usingmsaimdimsiintniug wenaini Drwindaladeusuviesniuauves LHCb 188Uy DELPHI
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Fau detector 119 LHCb wazlansiuinnisun detector asunlaaudl vilalasnisdassasuiniy

glued

sUTl 11: (uudhe) siesmumy LHCb detector (Uuw31) DELPHI detector daiu detector

ki (@19918) LHCb detector (81977) glasAdmsunsiadaudie detector adunlsimu

A Toroidal LHC Apparatus %38 ATLAS Hunilely
detector Tu LHC iflon1snaaesii@ndounaialy adne CMS via
1391 Higgs boson, extra dimension, dark matter LLazgu"] e
nTIRARUNANIYIRABsTsTuLAETU ALTAS 10U detector flogfluils
Aawesuaud uaslivualuguinussanuin 5 du ienefy
summer student Aulyui3es ATLAS visit yineufazyaimiloudu

71 “It’s hugel”

5UR 12: ATLAS detector
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3.8 The Globe

cal o A

“The Globe of Science and Innovation” 1JufifisinaiidaLanszosRLITUTSUDENS
A3 9 Aawidfe gunsal walulaginseuss suludsanuimeaidndeunia lnesiusiuynegs

Plunelurouisn ausavulans AaaTudunsnaiuans 1an 10:00-17:00 4. N15YU The

| & 9 v o

Globe lifpsansndansodndle arursanlulalaglddaedilnendudntniindeusy wagdadl

o L3

FRvrinnandudsuaislvvy waitdun1wilsaaa s1nadelaunsuiaiazaunludunas & 1deq

9

aelurpadiniu

Ui 13: (§1e) ussenianglu The Globe sywinadumaddsia (131) Crystal @afuduaulu LHC detector
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4. Workshops

4.1 ROOT

ROOT workshop  4atuiemuaanniu Insliudazaudenasieldmunafidaesaynin
sULUU workshop fa TtindAnwida tutorial Mnludulsduasvimudunoudiilly uasdifousy 2-3
AL LAURTOU 1 Tesifionoumanuuarliduuri esandsuutindnuluudaseSadudwiy
wnidlaifisudueusy uenaniifiugtuvesindnyusazauflaivintu Fewmduiudetusnue
vos workshop  wuull  TWsunsuuas tutorial w8 ROOT  anwnsan1ailvanldain

http://root.cemn.ch/drupal/ i workshop 1 %hwLﬁ’]”ﬂé’lﬁ%'mmﬂ'ﬁﬁw%'auuam plot histogram

SZ ROOT Object Browser 0[] %

Er |E|Ie e W GEERE e Help

Fles | Editor 1 [ Canvas1 [X] |

Draw Option: - | Test random numbers | |
~{unuran n

el

et MyTasks .o

G Presenter.C
- JREBDME
{3 benchmarks.C

G demos.c

G+ demoshelp.C
-2 fillrandom.raat
S farmi;t
- B sraot;1
e

Si3gallert rook

G geantstasks.C

G hsimple.C
i@ hsimple ract
A3 htmlex.C
~@na49.root

Grregep.C

3 reaexn ome

Fier: [AllFiles (=) - |

l 4

Canvas 1 Canvas 185,10 #=0.159176, y=0.966777 4

Command |

Cammand (local): | |

gﬂﬁ 14: §79814 Histogram plot 910

http://root.cern.ch/drupal/sites/default/files/images/NewBrowser 03 0.png

4.2 Cloud Chamber

o [

d113U workshop du ¢ UanLniiean ROOT workshop asuTIILLNANYIDENIAA 1ng

€ 1 Y A

zfdsndatndiavennazauiislildonTuniaiunsadnsiuuaag workshop  tamuamaula
& v v a ) i o A a v
1NTU LWImMThAszidonuazdnnguauiuiudasauasnIn waniuilealn ROOT  workshop  W&7
IalAdnsau Cloud chamber workshop  tigsuasenafen Fadu workshop lwtnAnwle
91809 cloud  chamber  Fuunlunaeslavseguardunils FuduasewmsiainoyninnIaanid
o A v Y N & s v v o ' Y a '

anunsnieanvnuld Atuneune siausanegea (Isopropanol) L lUlvwiinasslawdiUanass
iy angaumginiglunaesaeminasalivuiudauis Ineguvesnaesiidulans Weliiag
I3 ¥ ¥ ¥ 3 1 a dl’ 1 5 L% I3 Y v K

Wuld udiselviueanasedmiuiiuUssanal 15 Wi Feseninesenu gusseneilaliinfnwimnau

Fafiuszanas 20 A wuzti Wenaneuazyiiaudindy Fulunsaaiafiie:
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\WiauaanegedAivLuy wiinlowsanased anvauzilundunuenasy egfinuaIveINaed
la Wieldlvarsareliidily asiusesnisiedeuiiveseyninegidunsins dullidnvasidudu o

AaY jet MAnanlenuveunsasiy
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unil 2
What | did at CERN

Tuuniifineandenioatunuitmdilih uasaruslmiidmsldso fuheiidunnug
Tudddmnssuseau Toun msLsﬁwﬁaﬂﬂﬁﬁ’amsLﬁaﬁﬂmﬁy’umaumsﬁﬂ photolithography — UukaU
silicon FsvtpafuAnsogfiuminendouisvilsluiledasmuil uaz A1W3F09 two-phase flow in
microchannel  Fadun1s@nwinisivavesanusoulu microchannel  Lilensuszenaldlunis

ONLUUTEUUTEUNEANUSaUlY silicon detector

1. Photolithography

JUN 17: Andrea waztmidn fugaiidiedldidlewdy Clean room

Fnladlonatiluluiesufdfinig (clean room) fi Center of MicroNanotechnology
(CMI) Tu Ecole Polytechnique Federale de Lausanne (EPFL) fiu Andrea Faduuminedei
Andrea MdeAnwUSygtenay CMI Welvimhenuneusnliuiniedesfiouagies fianns
wasdsufidunilsludy mﬂ%ﬁgﬂﬂizﬁﬁaLﬂéaaﬁaLMaz%uﬁaé]’am%a Login uag logout waslyau
nnads delilinansuiu uasifielissnaildiedosld douazdifesljifinisdedldyaiiunagy
faushasariegnafinda insglues fiansiinsmuaurunauasUiiaeesy ielilisuniu
nsnaes Tneyafidedlaidnvasfaguiuandlisude

Andrea l#oSunetuneunisly photolithography Tun19%1 microchannel U silicon
wafer Tidmd Tnefiseasdennsng fiiae Buannsianuazetnudy silicon neu waa
uiiv silicon 1 spin coating LitalAReuEas photoresist Fafuansiduffselideuas il
W@8a91ntunay spin coating wAsesarliaudouiiuusy silicon iield photoresist  AnfuLKY
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silicon A% s silicon wgnUsENuIe mask Fsflamnaevidesuuuuiidesnis uduiluaiede
wasdaniilaleian (UV light) @auves photoresist azl@¥unaseiifuainatenu mask lethusiu
silicon  lUviuUfATenAvansazansulianils dauves photoresist  Aldsunasgiazgnviazansly
9niiuazii mask seniaztluingadn (etch) WWugUuuunuaumesusy silicon AldFuuasy?

2. Two-Phase Flow in Microchannel

.:4' = o o = = o a X ) a & a ¢
LN@Lﬂﬁ@Qmi’JQ'ﬁﬂ@Hﬂqﬂ (detector) V]']\ﬁu‘lﬂlﬁaﬂ 9 Q%Nﬂ'ﬂ']lﬁ@l.:ll,ﬂ@lsﬂuslua?uaLaﬂ'V]i'E]‘Nﬂﬁ

a a =

o o & v ~ v Ao 9 Y a a A )

Je3ndudeedssuussungniuseuniisednsam weldlminaudsie 1nsensiaineynia
UsznoulumeTana U talvuinan AaldesninlurunnvedseuussuIenusauuiy 1ag
Anuaiz9szUUTTUIenuSauluriarsanaiusvuadnluseauluaseu (microchannel) @il

ANSYIN9TURIL

ansvhAuBu (refrigerant) aggnudesidlulu microchannel asvhanuBuiililussuuil
fio Perfluorobutan  (C4F10)  Fauduansifigeiiiendi iile Perfluorobutan  sinuldlulu
microchannel flagganrifeufifintunaznianufeusenluanszuy nismanuieusenlusgad
UsyBnBnw aneauin gungiiniglu micochannel Huasiividofininudsunasiiossnn vl
FosilefisiudsuazaaauiAvats 9 e819woe microchannel  LilenseenuuUvIzaLTUAS
sgvrearwioudia egslsfinu nisfmgamgilneasaivhlden Sstwaumadsuudamnudy
1 microchannel unu L‘Wi'lsmWiLU?EJuLL‘anmmﬁuLLUiﬁumqﬁUmimﬁauwaaqmmﬁ Fatinnsei

[y

Wewazagudupnuduiugeng 9 wnueliuds

AmusuUasuLasion (total pressure drop) Annnsdsunlasesrnuduadn
(static  pressure  drop) AsiasuLUasnnauiuiesainnisiudeuluwudy (momentum
pressure drop) waynsiUasuulasnnuiuiieaninusadenniu (frictional pressure drop) L3
Andvadinalu microchannel ndouiilulunuisyfudisnnuiand Aruduilasunlanimun

FWNANLILAYANIUYINIY
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danfivewd sy Perfluorobutan fie n1siiligaLiens ilvinaneidulelaiiendsainaaaiy
£au Tu microchannel 3aiivisvaslualuaniuzinonazvounal anusumudsuluadinalugiundy
Yaaatwazine a819lsAnu Anusunudsuldluaniusfetutiosuin FaRaITUBANIZED UL

YDIAAINNUU

o A

a oy o o A a . P
AINODINAD mu’gmmmmmumﬂaaﬂﬂu microchannel ANTEUUABITEUUMLUU
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microchannel szuulnufivihlinusuldeulutesnan na1dfe ssuieaudouldnign agalsh

A1 WaawslnazRes lUUTsuBUAUNaNITAa0SINUAY prototype BNASINTY
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[1] Sun, L. and Mishima, K., “Evaluation analysis of prediction methods for two-phase flow

pressure drop in mini-channels," International Journal of Multiphase Flow, pp. 47-54, 2008.

[2] Qu, W. and Mudawar ., “Measurement and prediction of pressure drop in two-phase
micro-channel heat sinks" International Journal of Heat and Mass Transfer}, 46, pp.2737-2753,
2003.

[3] Thome, J.R., “Engineering Data Book IlI" Wolverine Tube, Inc.} ch.13, 2004.

[4] The ALICE Collaboration, “Upgrade of the Inner Tracking System Conceptual Design
Report", 2012.
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From Thailand to CERN [ Aug |
06
2013

by Patrawan Pasuwan
How did you decide to apply for the summer student programme?

| have always wanted to explore the world. Studying abroad is the perfect cheice since | can
continue my study and see the world in parallel. CERN summer student programme was
advertised in many universities across Thailand. Due to its short period, eight weeks for non-
member state countries, | thought it would be a perfect step for me in going abroad. | knew CERN
as a place where the LHC is at, but did not know much abeut the inside. This is my first time at
CERN, and | hope it is not my last.

Tell us a few words about your project...

Here | work in ALICE with silicon microchannels that are used in the cocling system for the ITS
upgrade. | am doing MATLAB simulation for the optimum pressure drop medel in the
microchannel. Moreover, | alse help with the design of the photolithegraphy mask.

Is your experience at CERN close to what you had expected?

Before coming here, | thought that CERN would be an almost sterilized environment and the
people would be very strict. My experience so far is exactly the opposite. The atmosphere is
rather friendly and | met many nice people. Moreover, | did not expect it to be this close to nature

A

CERN Colloquium
First Planck Results and
Cosmological Implications

Julien Lesgourgues presented a
summary of the new Planck results
on CMB anisotropies and highlighted
their cosmological implications...

Read more

More news

Collide@CERN: Time, Scale and
Space

When the alarm rings, you must
leave!

— there are fields and hills and mountains sverywhsre. | think it is better than what | was
expecting.

Chemical Hazards — Safety campaign
in the PH Department

How familiar were you with your project?

| had a review cver the ITS upgrade, but it was sc hard to understand because everything was
completely new to me. When | finally came here, my supervisors were kind enough to explain in
details in what they were on about. It was very nice of them. | had some ideas about microchannel
and have seen the fabrication before when | attended ASEAN Synchrotron Camp hested by SLRI
(Synchrotron Light Research Institute) in Thailand. However, what | am doing here is the
application of what | have seen, so it is not totally new to me.

. -musée+C genéve

Heures d'ouverture
De 10h00 & 18h00(avril & octobre)
De 1000 & 17h00 {novembre & mars)

4,25, 31 décembre et 1er fanvier

i Opening hours *

1 10am. 106 po. (April-to October)
10am. to 5 pm. (November to March)
Closed onMonday,

24.25,31 Decernberand lfanuary'

Did you enjoy the Swiss summer? Did you have time for travelling?

The Swiss summer is pretty much like ordinary days in Thailand and the weather is quite similar. |
have seen amazing cities and countrysides of Switzerland. | went to Geneva a few times without
ever feeling bored as there are so many amazing things arcund. | alsc visited Yvoire and | loved
the European-style houses, they looked so warm and full of life and stories. | also went to Stoos
and Caumasee last week with my friends. We took cable car up to the top of the mountain and
wandered around. The view up there was breath-taking. And when you could hear nothing but
the wind, it was very peaceful.

The things that impressed you the most...?

The thing that impressed me is how much Eurcpeans appreciate music and arts so much that
there are numbers of art museums concerts and shows. | remember walking in Geneva during the
weekend. It was a lovely Saturday with blue sky, warm sun and cool breeze. And all in a sudden |
heard people playing the Four Season's in viclins. That just made my day :) And another time was
during the fireworks at Ferney-Voltaire. There was classic music playing along the fireworks and
they even were synchronized! Fer example, when the rhythm was fast, there would be lots of
fireworks popping in the sky. When the music was slow, you only saw one long firework at a time.

% 20
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From my time as a summer student at CERN | will remember...

| will remember all the pecple that | have met. It was quite amazing knowing people from all
around the world, talking about their countries, their cultures, and their point of view.
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CERN Summer Student Report

Silicon Wafer Fabrication and Two-Phase Flow in microchannel
Cooling System in ALICE ITS Upgrade

Patrawan PASUWAN
Mahidol University, Thailand

Supervisors
Petra RIEDLER and Andrea FRANCESCON
ALICE, CERN

1. Overview

My summer student project covered details of the upgrade of Inner Tracking System
(ITS) of the ALICE detector. The tasks are divided in two parts. First was on silicon wafer
dicing technology and resistivity measurement under the supervision of Petra Riedler. Next
was on silicon wafer microfabrication and two-phase flow in microchannels under the
supervision of Andrea Francescon.

ITS upgrade was proposed for better detection performance and reduction of
material budget. Detectors in the ITS are composed of monolithic silicon pixel chips. The
thickness of the chips was proposed to be 50 um so that particles that pass through them
do not lose too much momentum. Working with very thin chips requires suitable dicing
technology. Summary of dicing technology is proposed for the most suitable dicing
technique. Properties of the chip can be denoted by observing its resistivity. Literature
reviews on surface resistivity profile measurement is represented for consideration. Cooling
system is very important for the detector. Fluid that flows along microchannel cooling
system is refrigerant which evaporates when its temperature rises to a certain value.
Therefore, there are two phases inside the microchannel: liquid and vapour.

The cooling system is very important for the design of the detector. Perfluorobutane
(C4F10) flow boiling inside silicon micro-channels was proposed for the thermal
management of the on-detector electronics. Various two-phase flow correlations have been
studied and proposed in terms of two-phase frictional pressure drop. An estimation of the
two-phase pressure drop is calculated by writing a simple code in order to compare with the

value from experimental data.
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2. Technical Design Report
2.1 Dicing Technology Summary

2.1.1 Classical mechanical dicing

Classical mechanical dicing is a classical way of dicing for a sample thicker than 100
um. It can be done by various different techniques: dicing through in one go, various step-
cut systems, and multiple blade dicers. The advantage of this technique is observable
results after dicing. However, the force from the blade causes wafer chipping which damages
the surface and reduces its stability. Dicing can be less precise when using the same blade
over time. Blade dicing technique creates debris which wastes wafer and requires cleaning

afterwards.

2.1.2 Laser dicing

Laser dicing is introduced with concerns of heat impact and debiris. It is suitable for
samples of less than 100 um in thickness. A protection layer is applied before laser dicing

process in order to prevent damages.

2.1.2.1 Ablation process

One approach of laser dicing is ablation process. It is the process of using a very
strong laser to vaporize the sample for a very short time. Vaporization creates molten debris
which deposits on the surface of the sample. This makes the sample hard to be cleaned.

Moreover, it creates cracks which lessen the sample strength.

2.1.2.2 Water-guided laser

Water-guided laser is another approach with a coupling of laser and very thin water
beam. The water beam not only helps in laser focusing, but it also cools down the process
and cleans the dicing kerfs. The dicing tape is also used in laser dicing. In this case the tape
is transparent so it is not cut by the laser. Laser dicing is good for tiny and thin chip. It

causes less mechanical damage and heat impact than the classical mechanical dicing.

2.1.2.3 Stealth dicing

Another approach of laser dicing is stealth dicing. The process is composed of a
pulsed laser beam of a specific wavelength that can transmit through the inner layer of the
wafer. Only the inner layer is vaporized by the pulsed laser, giving no heat damage to the
other layer. Stealth dicing is a fast process which causes no chipping and no debris. It is a dry
process which requires no cleaning. The dicing street can be very narrow, wasting fewer
wafers and leaving more space for chips. Since the action is done in the inner layer, stealth

dicing is very suitable for a sample which is easy to contaminate.
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2.2 Surface Resistivity Profile Measurement

2.2.1 Four-point probe

Four-point probe technique gives an average result of resistivity. It is suitable for
uniformly doped semiconductor. It consists of two pairs of electrodes for carrying current
and measuring voltage as shown in figure 1. The measurement can be done precisely with
two measurement configurations for each probe position. First is to apply current flow in
probe 1 and out at probe 4, and measure voltage between probe 2 and 3. Second is to
apply current flow in probe 1 and 3, and measure voltage between probe 2 and 4. The total
measured voltage for current I is

Figure 1: Four-point probe schematic (Schroder, 2006).

b _Ip(l 1 1 +1)
T rEs T S1 32+S3 Sl+SZ 53’

where P is the resistivity of the surface, and S1,S2, and S3 are probe spacings. For

§ = §1 = §p = §3, the resistivity of the material can be obtained by the following
equation:

v
p = 2nsF T

where F is a correction factor regarding the position of the probe, and thickness of the
sample and its size. The correction factor should be added because the sample is not
infinitely thick. The thickness of the sample is usually in the order of probe spacing or less.
For collinear or in-line probes, the correction factors can be written as

F= F1F2F3,

with equal probe spacing S. F1 corrects for thickness of sample, FZ corrects for lateral

—— — - B . wih 24 — e
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sample dimensions, and F3 for placement of the probe relative to the sample edges.
Given t as a thickness of the sample. For non-conducting bottom wafer F is
7 t/s
7 2In {[sinh(t/s)]/[sinh(t/25)]}

t/s
2In {[cosh(t/s)]/[cosh(t/25)]}

For a conducting bottom Fy is F1, =

For thin samples which t << S, using the approximation sinh(x) =~ x for x « 1, Fi4
reduces to
t/s

=0 @

Next is the correction of sample size. For a circular wafer of diameter D, the correction

factor Fy is
In (2)

F2 = 0@ 7 In([(0/)? + 31/[(D/s)2 = 3D

Figure 2 is a plot of F5 for circular wafer. For D = 40 s, F, converges to one.

1 f 1 ] 2oy L L L L L L L
I ] Fy Fypax Fyag
0.8 - = °
L b 2 o000 ® ‘
1 [ ]
[ ] = 15 >l i le o4 <]
' 1 & | Fy
c i E ke,
ta, Rectangular ] i |
04 |- - w L
Circular 1 i 1 I
02 ] - Fyy
] Fy
0[||||;|[1|1||,1||.. 0.5 (S TN N T N T Y YO (N TN T TN N N T IO
0 10 20 30 40 0 I 2 3 4 5
Dis dls

Figure 2 (left): Wafer size correction factor versus normalized wafer diameter for circular
wafer (Schroder, 2006).

(right) Boundary proximity correction factor versus normalized distance (Schroder, 2006).

F’5 is the correction factor according the distance d of the probe from the boundary. It is
important for small sample which the probe is near the boundary. F31 and F35 are the
correction factors of non-conducting boundaries, while F33 and F34 are of conducting

boundaries. The correction factors converges to unity as normalized distance d / S increases

e —— — il i ————
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as shown in figure 2 (right).

For a very thin sample when FZ and F3 are unity, the resistivity can be written as

tV—4532tV
In(2) 1 I

p:

Sheet resistance characterizes thin layers — for example epitaxial films, polycrystalline layers,
and metallic conductors. For a uniformly doped sample the sheet resistance is

Y V—4532V
SR T @)1 T T I

where t < 5/2.

2.2.2 Surface Resistivity Profile

Bevelled surface

Figure 3: SRP schematic (Schroder, 2006).

Surface resistivity profile is a measurement of sample resistivity and its depth profiles.
The sample is grinded in small bevel angle B, revealing its layers of junction depth as
shown in figure 3. For junction depth of 1-2 um, the bevel angle is generally from 1°-— 5-
For junction depth less than 0.5 um, 6 < 0.5° For cach Ax step along the surface at
bevel angle B, the equivalent depth AZ is

Az = Axsin(0)

The resistance measurement consists of two probes stepping along the beveled surface at

each depth as shown in figure 2. The resistance is given by
R = 2R, + 2R, + 2Ry,

where Rp is the probe resistance, Rc is the contact resistance, and Rsp is the spreading



TEUMsLITulasinnindnyn nagasawdsu Uszdd 2556

resistance. Spreading resistance is measured as a function of resistivity and probe diameter.

For a sample resistivity 0, the spreading resistance of a non-indenting probe of diameter 2r
is

p
4r
while that of a hemispherical indenting probe tip of radius r is
P
2r

References
® Schroder, D. K. (2006). Semiconductor material and device characterization. (3 ed.,

pp. 1-44). Wiley-interscience.

® Clark, J. (n.d.). Four Point Probe Equations. Four Point Probes — Four-Point-Probes
offers 4 point probe equipment for measuring the sheet resistance and bulk (volume)
resistivity of materials used in the semiconductor industry, universities, and in
materials science including thin films, wafers, ing. Retrieved July 26, 2013, from

http://four-point-probes.com/four-point-probe-equations/

3. Photolithographic Mask Design for Mechanical Dummy Prototype

In silicon micro-fabrication processes, photolithography is used to transfer patterns to
the wafer with high precision in order of microns. CleWin software is used for
photolithographic mask design of silicon frames for the ITS inner layer stave cooling. The
design is made in rectangular chips with sizes similar to a stave and smaller. The mask also
contains bridges (figure 4) which connect microchannel between each chip in the detector. It
will later be diced and assembled for mechanical test. A goal of this design is for an upgrade
of ALICE detector in order to obtain high efficiency with possible low material budget.
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Bridges o : , : _ Bridges

Figure 4: CleWin software (left) and small bridges in the mask (right)

4. Photolithography Process

Photolithography is conducted in a clean room at Center of MicroNanotechnology
(CMI) in Ecole Polytechnique Federale de Lausanne (EPFL). The process begins with cleaning
silicon wafer for preparation. The wafer is spin coated with photoresist liquid. Later it is
covered with patterned mask before being exposed with UV light in pattern of the mask.
The pattern exposed to the UV light become soluble in a certain developer that is delivered
on a spinner after exposure. At the end of the photolithography optical inspection is
performed to detect any possible defect. The mask will be removed. Lastly, the wafer is
etched, creating pattern of the UV-exposed part.

5. Comparison of Pressure Drop Models using MATLAB

Estimation of the frictional pressure drop is of critical importance in microchannels
design because of the reduced channel's hydraulic diameter. In case of two-phase flow in
microscale the pressure drop could be also much higher, causing also temperature drop
along the channel. Since at the moment many correlations are available in the literature for
two-phase flow in microchannels, it was of great interest to write a simple code to compare
the different correlation with the incoming experimental data.

The codes are written in MATLAB software. They also include input parameters from
both users and RefProp software for pressure drop calculation.

Lists of correlations:

Homogeneous model

dl

— ———— wh2s R

(@) _ 2frpG?
TP Ptp
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Lockhart and Martinelli
(), -
dl/rp dl/ie
22148y
ST X X2
Chisholm

2 = 1 4 (X2 _ 1) [Bx0'875(1 _ .X)O'875 I x1.75]

Muller, Steinhagen, and Heck

dp 1 sdp
— — — 3 M
(dl)Tp e (dl)w

Mishima and Hibiki
C =21(1 — e™319P)
Friedel
dp 2 (9P
E = ®l E
TP lo
OF = § 4 2K
l —
0 FT0'045W8?'035
Zhang and Mishima
= 21(1 _ E—O.BSB/La)
Where
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0.5
(si=5y)

Dy,

La =
Lee and Lee
— T S
C = AATY" Ref,
where A, g, 7, S are constants which are different in different flow regimem.

upo

A= ,
P10 Dy o

Lee and Mudawar

For laminar liquid and laminar vapor flows

C = 2.16Rel** Wel*

lo

For laminar liquid and turbulent vapor flows

C = 1.45Rep,>*Wep,?

lo

Tran et al

dp 2 (9

TR - (plo T

dl/p dl/,

¢f =1+ (4.3X"2 — D)[La(l — x)*875 + x175]
Zhang and Webb
p \1 p 164
7, = (1 —x)? + 2.87x2 ( ) + 1.68x%25(1 — x2) ( )
Perit Pcrit
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Nomenclature

()

pressure drop

()52 = two-phase multiplier
f = friction factor

P = density

L = length of microchannel
X = vapor quality

G = mass flux

Dy = hydraulic diameter
g = surface tension

U = dynamic viscosity

i = liquid slug velocity
Re = Reynolds number
We = weber number

P = saturation pressure
Perit = critical pressure

TP, 1, g denote two phase, liquid phase, gas/vapor phase respectively.
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N 4

Experiences and Suggestions
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ANAKNUIN
YuNnUs2319U (Diary)
30-06-2013

“This is it. This is what I've been waiting for nine whole months.” The atmosphere of
leaving the country for Europe for the first time was warm enough when there were family
and friends waving me off. Since this was all new to me, | felt excited instead of sad. | barely
slept on the plane since there were tons of movies to be watched. Ajarn Goi, Saroch, and |
flew with AirEmirates and had a transit at Dubai airport. As we entered Swiss sky the very
first thing we noticed was the Alps. They stood high and grand with snow all over. “And
hello, Geneva!” Ajarn Chinorat, P'Phat (Dr.Norraphat), P'Nan (Miss Chayanit), and P'Gai
(Dr.Narong) were at the airport to pick us up. Ajarn Chinorat treated us coffee. He was my
supervisor, but he had to catch a flight back to Thailand right away, so we only had some
time to talk. P'Phat took us back to CERN to pick up keys for our hostel, Robert Schumann
Hostel in St.Genis. P'Gai was kind enough to carry my luggage all the way from the airport to
my room. P'Phat and P'Gai also cooked us dinner. | couldn't be grateful enough. Everything
was so nice, the weather, the atmosphere, the view, and the people. “This is it. This is

peace!”

01-07-2013

The first day was always exciting. Saroch and
| attended an orientation for students who had just
arrived. There were so many things to be done. |

needed to get CERN access card, ask for an office

,  key, getinternet access, and get a bike. | made new

friends today: Umut from Turkey, Citlalli from
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Mexico, Daniel from Ecuador, and Siew Yan from Malaysia. In the evening Petra, who was
also my supervisor, dropped by to greet me and gave me a photocopy of a chapter | had to
read, which was about silicon wafer fabrication that | had no clue about it. That was a very
warm welcome :) | biked back to St.Genis and it was so tiring riding up hill. By the time | got
back Carrefour was already closed, so we had MAMA for dinner. | needed to keep in mind
that everything closed around seven thirty. The worst part of the day was realizing how bad
| looked in the picture on CERN card. Not only the room for taking picture was quite dark,
but | also looked like | was saying “what?” in the picture. Well, at least it made me laugh

every time | looked at it :)

02-07-2013

| had breakfast at CERN today, and then joined Petra for a video conference to
Thailand. She skyped to Thailand to discuss her work with Ajarn Chinorat and his colleagues.
| finally met Andrea who was the other supervisor from lItaly. He was also doing his PhD in
EPFL. Not only had | got a computer, Andrea kindly asked for a LAN for me. It was delivered
by a Spanish technician. It amazed me how people speaking many different languages were
literally working together. In the evening Saroch and | rushed to Carrefour to buy some food.

There | was introduced to Kevin from Ireland who was friends with Saroch.

03-07-2013

There was a shower of rain today that Saroch and | decided to take summer student
bus to CERN. Today was the first day of lectures and they were very good. There were two
hours of Particle World lecture by Dr. Tara Shears from University of Liverpool to give us the
whole idea of particle physics. Then there was library introduction and we all received a

particle pocket book from the library ©
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In the afternoon | went to the office and Andrea gave me his paper to read it
through. It was on two-phase heat flow in microchannel. At five | attended the welcome
ceremony for summer students to meet and get to know each other with a little bit of
something to drink and bite. One of the friends | made today was Dymitro from Russia. He
reminded me of Sheldon Cooper in The Big Bang Theory. At night | had a breakdown today

while messaging my sister. | guessed this was what homesick felt like. ®

04-07-2013

“Happy Higgs Day!” | started the day with the standard model (SM) lecture by Prof.
James Wells. The lecture was very difficult as he used group theory to explain about
particles. Next was Statistics lectures on probability. After that there was discussion session
where we could ask questions from the lectures. | thought this way of study may be
practical since no one interrupted in the middle of the lecture. Plus there was enough time

for not only an answer, but “a discussion.”

In the afternoon Petra assigned me to do a summary on dicing technology, draw a
sketch for TDS report, and a literature review. In the evening P'Phat, P'Nan and P'Gai took
P'Goi, Saroch and | had kebabs by Lake Geneva. | had never had a kebab before and it was
5000000 g000000000d. And eating by the lake was wonderful with cool breeze and
endless blue water and sky. Oh | wish we had this in Thailand. | had my first ice cream here,

too. The most shocking part of the day was | encountered a beggar when | was standing

alone. He was saying something in French and looking at money in my hand, so | just ran to

the others. | was safe though. Phew!!!
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05-07-2013

Today’s lectures began with symmetry in
SM, followed by accelerators and statistics
lectures. The accelerators lecture started with
history of accelerators. It covered numbers of
accelerators and their development until the

previous LHC.

In the afternoon there was a welcome
lecture from the director general of CERN, Prof. Rolf-Dieter Heuer, on the past, present, and
future of Particle Physics. Prof. Heuer mentioned how CERN was started after WWII. My
favourite quote was “Science is what brings people together. If science can’t do that, what

else can?” He also mentioned that working with physicists meant dealing with egos ©

06-07-2013

“Yvoire, here | come!” Today P'Phat, P'Gai, Saroch, Siew Yan, and | went on the first
trip this weekend. We first visited the Red Cross museum in Geneva. The place kept name
cards, letters, and stories of people who had sheltered at the Red Cross camp during WWIL.
It was very emotional reading letters of people who were taken away from their families by

a war they didn't even cause it. That was something to remind me how lucky | was for

having freedom, shelter, food, and safety.

After that we visited Yvoire. Yvoire was gorgeous. It was a lovely village with
European style house. There were flowers at every balcony, houses made of bricks, and old
green windows. | wanted a house like that! We took ferry back to Geneva and it was then

that | found peace. Cool wind, warm sun, and people speaking languages | didn't
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understand, it felt so right :) | felt at peace enough that | had completed all the lyrics to my
unfinished song. Back at St.Genis, P'Gai and Saroch cooked us dinner and we talked for a bit.

Overall, it was the best day since my arrival.

07-07-2013

Nothing was better than a lovely Sunday. There
was a circus show in St.Genis at 5 p.m. But since we
didn't know before, Kevin, Saroch, Siew Yan and | went
there at 7. Even though Kevin knew we were too late,

he was nice enough to accompany us and walked us

around St.Genis. We ended up at a very nice pub

1.

named “Charly's” and that was when Kevin introduced Irish cider to me. We had a long

conversation about politics, economy, movies, songs, and drinks. This was exactly what a

lazy Sunday should be like!

08-07-2013

| started the second week of my stay with SM lecture by Prof. James Well on
invariance transformation under Lorentz symmetry. He also dusted off some details in
particle spin tensor product, for example [1/2) ®[1/2) =0) & 1), Next was the accelerator
lecture on theory and particle trajectory inside. Lastly was the final Statistics lecture. In the

afternoon | went to the office and continued on the literature review of dicing technology.

09-07-2013

Today’s lectures began with the SM and followed by 2 lectures of accelerators. The
accelerator lectures reached the part of the storage ring on its design and functions. There
were also dipole and quadrupole magnets for focusing beam, which were represented as

matrices for calculations.

There was ALICE lecture for ALICE summer students in the afternoon. | hopped on
shuttle bus number 1 with Imbre from Indonesia. He worked at ALICE also and we
accidentally bummed into each other. The lecture was all about ALICE detector and its
purposes. Despite its size comparing to the other detectors, it allows us to study enough

physics from lead-lead collision. It was a brilliant idea to have this introducing lecture for us
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so we get to meet all ALICE summer students. | made new friends as well: Malte from
Germany, Miguel from Chile, and another who worked in the same building as me but |

didn't catch his name.

Today Saroch and | got milk from a milk machine. How cool was that! | had to admit
that public utilities in Europe were well organized — automatic light, bike lane, drinkable tap

water, drying machine for laundry, etc. Now this was truly civilized!

10-07-2013

Today’s lectures started with the final lecture of SM on the topic of observables in
SM, followed by the last lecture of accelerators. The other lecture of today was the first on
detectors. | was introduced by the discovery and identification of particles with cloud
chamber in the old time. Later it was developed, and then became detectors with

electronic images.

There was CMS Summer Party today. P’Phat kindly took us to Point 4 CMS Detector
where the party was held. It was on the French territory. The party was full of people. |
didn’t know anyone there since | worked at ALICE so | always hung with the Thais. At the

end of the party we took photo. Since there were hundreds of people there, the
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photographer had to be up on the crane. It was a very fun thing to witness and there we

were in the little red rectangle! ©
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11-07-2013

There were 2 new lectures today: HEP Theory Concepts and Electronics. The HEP
lecture was very exciting because the lecturer was wearing a t-shirt, shorts, and flip flops,
and was using a blackboard. Moreover, he revised all the important concepts for us, such as
Lagrangian, Hamiltonian, and special relativity. The electronics lecture covered all the

electronic parts in detectors and how the worked.

Today P’Phat, P’Gai and Saroch cooked dinner at St.Genis. It was very nice because
after we finished eating, we sat there for a very long conversation until it began to get dark.
It was always fun hearing new stories about CERN and Switzerland since | was very interested
in studying abroad. The only problem was that | wanted to do it as soon as possible, but the

funding was still a problem ®

12-07-2013

Today’s lectures continued on HEP, electronics, and detectors. One very interesting
paper mentioned today was “The search for hidden chambers in the second Giza pyramid”
which was done by looking at cosmic-ray absorption by Luis Alvarez. He finally concluded

that there were no chambers at all.

There was a party tonight. Kevin told me that if | wanted to make more friends, | had
to go to a party. Therefore, | would not miss it. Saroch and | went back to cook dinner at our
hostel and intended to bike back to CERN for the party. It turned out they built a cage for
our all the bikes and it required a password to open the door, so we had to walk back to
CERN. This party theme was “particle-antiparticle”. | was handed a piece of paper of either a
particle/antiparticle and | had to find my antiparticle/particle, then we would get free drinks.
My first pair was Andrea from Russia. He was a good photographer as well. After 22 years in
Thailand | had the first party of my life here at CERN. | made many new friends at my first
party: Harry (Cyprus), Petros (Greece), Mohanty and Happy (India), Steven (France), Aleksis
(Finland), and Jared (USA) who hosted the party.
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13-07-2013

And then came Saturday © After a few hour sleeps | woke up to catch the tram to
Geneva Harry, Petros, Marius, Saroch, Siew Yan, Imre, and | were going to Science Museum

. i today. The museum was full of old precious

inventions. | was amazed by those scientists’

visions as | carefully walked around the

museum. Even though we didn't have to pay
for the entrance, everything was well kept as if everyone still treasured it. We grabbed pizzas
for lunch and had them by the lake. | loved the lake, | loved how people gathered together
to do activities by the lake. It probably was the only place where people could do
everything for fun. Swimming, bicycling, eating out, dancing, clubbing, outdoor cinema,

parade, party, etc. you name it!

Since last week was Bastille Day, Geneva decided to hold a parade this weekend. So
today there was a parade and it was super crowded. There were trucks with music and
dancers on them. People at different generations from all over the city were here to enjoy
the moment. | liked it how | could see children, who didn't even know how to walk, and
oldies, who didn't even want to walk anymore, had their fun time in this loud and crowded

parade. This was life!

14-07-2013

Due to extreme activities since Friday, there was no alarm set on this lazy Sunday. |
called mum and messaged my sister on Facebook. Oh | missed them so much, especially
my sister. | wish she were here to share the experience with me. This was actually the first

time | called mum ever since | got here, so it was very emotional.
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ﬁ Then, of course, there was an unplanned
activity in the evening. | joined a group of friends for
o the fireworks at Ferney-Voltaire. As mentioned it was

Bastille Day last week, the fireworks today were for

celebration. The evening at Ferney-Voltaire started with
a jazz band and simple food. | also took a walk around the place. The nicest thing | saw was
that people blew car horns when they passed by to greet and celebrate their national day.
Finally, it got dark! When fireworks began, there was orchestral music played along in
synchronized. How European was that! It was a very nice atmosphere seeing people lying

down on the grass watching the fireworks.

15-07-2013

The third week lectures still began with HEP, electronics, and detectors. Today’s HEP
lecture was mainly on “fields”. The detectors lecture went in details of silicon detector and
its properties. Moreover, there were parts about damages in detector with bulk damage and

leakage current.

In the afternoon there was summer students’ group photo. Wow, there were loads of
students, | didn't realize. After taking group picture | had to take pictures of some bead
samples for Petra with a microscope. Well, there were 100 holes to be taken, so patience
was required. | had lunch with Jared from the US. He was a technical student at CERN who
hosted the last party, so everybody knew him. This was one of a few times | got to know

popular kid, so | guessed | did pretty well ©
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16-07-2013

Today’s lecture got even more interesting. The last lecture of the day was Beyond
the SM, which the lecturer mentioned the problem of electroweak symmetry breaking and
Higgs mechanism. | made a new friend today at the lectures. His name was Lucas from the

US. He was still in high school, but he attended the lecture as well.

There would be ALICE summer party coming up, so | went to see the ALICE
secretariat to pay for the ticket to the party. It was 10€ for summer students. | wonder why
it was free for people at CMS. At 5 p.m. P'Gai took me to meet Panos, the PH Newsletter
person for ALICE. He was working on summer students articles online and he asked me to

write about my stay at CERN and other experiences. Yay!l!

17-07-2013

Today lecture on Beyond the SM was awesome. It said in the slides that most
physicists believed that there would be more things to be discovered, apart from Higgs
particles. This lecture broadened our perspective on how much more experiments we could
conduct in this field. However, | left during the second lecture to join Petra and Andrea for a
video meeting with TMEC. Petra kindly guided me through the idea of doing the literature
review which she asked me to do. After lunch | took pictures of more examples for Petra. |

also skyped with Ajarn Chinorat later for a little while.
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18-07-2013

“And finally, it’s ALICE Summer Party!ll” Since Andrea was in Lausanne, | only did
some revision in the afternoon. In the evening | took the Y-bus back to St.Genis to join the
other ALICE summer students. We headed off to Point 2 together, which was where the
ALICE detector was and where the party was held. There were Miguel, Vladimir, Cilalli,
Santiago, and I. None of us knew how to get there, but luckily we met the others on the bus
who knew where they were going, so we just followed them. The party was more like having
dinner together. The staff and people who worked at ALICE were very nice and warm that it
made me feel that they were more like families. | made more friends today: Vito (Lithuania),
Connor (England), Ilaria (Italy), Antti and Yanne (Finland). | liked meeting new people. It was
the best part of being at CERN. | got to meet and learn about people cultures and
experiences from all around the world. | was so grateful | was chosen as a summer students

from Thailand @
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19-07-2013

Today was the last lecture on Nuclear physics which was on the ISOLDE facility at
CERN. It covered details in both theory and applications. Some examples of ISOLDE
experimental techniques were laser spectroscopy, ion traps, and Coulomb excitation. | had a
question about cyclotron also and the lecturer was kind enough to answer my question

individually.

| met Petra in the afternoon to fix every single thing in the literature review | sent her.
She was so kind that | felt bad | didn’t do the work well enough for her. In the meantime
Andrea gave me a “CleWin 4.0” program for designing wafer. In the evening the Thais were
out for a welcome dinner as Tua had arrived today. He was from Cambridge and he knew
P’Nan. He was my age and it was very easy talking to him ‘cause he was a fun guy. We had

dinner at a Chinese restaurant in Geneva. Thanks to P’Nan, she was kind enough to treat Tua

and me on that meal.

20-07-2013

P’Gai, P’Nan, Saroch, Tua, Siew Yan and |
visited Patek-Philippe Museum for this weekend. It

] ~ was the museum of two to three floors of watches
SpATEREENIPPE MU

, P L L LRl and  decorations. There were watches from  all
T around the world ever since one was first made.
There were even watches from our King Rama V.
They were all very glamorous that | really praised

the people who made them that neat. The thing
‘ that | had realized today was how rich and artistic
the Europeans were, especially in Switzerland. They
were rich enough to make thousands of fancy

watches. The most important thing was that those

watches were still being treasured and | surely did

treasure them today.
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21-07-2013

“Off we go to Montreux!” The Thais visited Chateau de Chillon today. It was an old
but complete castle in Montreux from the middle age. The castle stood grand by the lake.
Wandering inside made me felt like really living in a castle and getting a clear view of how
life back then was. After that we dropped off in Lausanne to meet P’Nu and Peach, who
were P’Nan’s friends. We chilled out by the lake for a couple of hours then headed home. It
was the same lake in Geneva, so it was either the lake was big or Switzerland was small ©
There was also an interesting C-shaped windmill in the lake, with the other halves on the
shore. P’Nu explained that it was used to tell which season it was then. Each season wind
would blow differently, changing the C-shaped windmill angle. What we had to do was we

looked from the other semicircles on the shore to see which one completed the circle with

the windmill in the lake. Complicated, but brilliant and interesting!

22-07-2013

The fourth week of my stay began with the new lecture on neutrino physics. The
lecturer was Dr. Boris Kayser who gave the lecture very impressively. The amazing thing
introduced in the lecture was that without the neutrino, angular momentum would not be
conserved. In the afternoon Andrea gave me the first design of the wafer mask for a design
using the CleWin software. Since everything was in microscale, the program helped in making

it precise. It was very neat, but time consuming.

In the evening | joined the first French lesson hosted by three French summer
students. They began with easy words and counting in French. The thing about numbers in
French was that you didn’t only count, but you had to do the calculation also. For example,

70 was 60+10 and 90 was 40x2+10. Difficult! | also made new friend today. His name was

% 50



enuNsinsulasnsindnw aegeTewdsu Usednt 2556

Henrik who was Connor’s friend. He had a blog with pictures of places in Europe where he

biked around. It was very awesome.

23-07-2013

Andrea picked me up early in the morning because we were going to Ecole
Polytechnique Federale of Lausanne (EPFL) today. | attended a presentation about
cleanroom at Center of MicroNano Technology (CMI) where Andrea and his other ALICE
colleagues did their laboratory work. | had a tour around and inside the cleanroom. Since |
wasn’t an engineer, | had only seen this kind of room once when | visited TMEC in
Chacherngsao. Andrea was kind enough to guide me through all the photolithography
process. Even though the safety suit made us consume less oxygen that we were both very

tired, he calmly explained all my questions very clearly.

24-07-2013

Proton inthe LHC at & Tefbeam (s Quantum Mechanics Frozen Pizca The lecture started with Physics at future

1fm

collider. The lecturer introduced a proton as a

Val.enqurks - frozen pizza, and explained how we got the full

basic building blocks of SM. However, they were

. ® | 00005 fm

hoping that light might come from Japan, as they

weerme i would built a new accelerator there. Today was
suting e - = the last day of the neutrino physics lecture by Dr.

Boris Kayser. He left us with some open

questions like ‘are there more than 3 mass eigenstates?” and ‘are neutrinos their own
antiparticles?” Because he was very good, at the end of the lecture there was a very long

applause that went on and on that made everyone in the auditorium laugh.
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26-07-2013

Lectures for today were future collider’s
technologies and SM physics in LHC. The SM lecture this
time was in general aspect, with no mathematical
= representation, including electroweak mixing, producing
W&Z bosons, and gauge theory. In the afternoon Andrea
gave me a new paper on pressure drop in microchannel
for me to read it through. It had plenty of parameters
and mysterious correction factors. At 4 p.m. | went to
Point 2 ALICE detector with P’Gai and the others. He

kindly invited me to visit ALICE detector. It was one

 beautiful detector which was smaller than my
expectation. There were numbers of wires and magnets that | looked up to those who took

parts in building and connecting them together.

P’Goi was leaving tomorrow and needed a place to stay, so | offered her my room.
There was the second summer students’ party tonight in theme of “radiation party”. We
were given glow sticks when we entered the pump hall. | met and talked with a lot of
people tonight that | was very grateful of my English speaking skill. The next thing | knew
was it was three in the morning. Connor kindly walked me back to St.Genis then walked

himself back to CERN.

27-07-2013

This weekend Saroch, Tua, and | took a train to meet P’Nu in Zurich. Our destination
was Stoos which was on the East of Switzerland where people spoke German. | had a
chance to talk with a soldier who was sitting next to me on the train. | thought it was very
nice how strangers could talk to each other on the train. | was told by Connor that it was
very common back then. Sadly people didn’t do that much anymore since they were busy
on social network. This conversation included how soldier system worked in Switzerland
which was new to me. New things were always interesting! We said goodbye at the Zurich
train station as | joined P’Nu to Stoos. It was madly beautiful. We had a lift up the mountain

and walked around until one of us needed the toilet so bad. The view up there was
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astonishing. Seeing mountain ranges with snow on top in a sunny day with cool breeze was
typical in Switzerland. Yet | was always blown away by the scenery. We totally forgot about
the time that we had to run for our lives for the last lift down, or else it was a four-hour

walk for us.

28-07-2013

This morning we headed off to Caumasee. It was another hiking place with a small
blue lake. | really had fun walking up and down the mountain with the three, even though it
was really tiring. The best thing about this trip, apart from heaven-like view, was that P’Nu,
Saroch, and Tua all had fancy cameras. And since | was the only girl and | loved being a
model so much, | had three photographers shooting pictures for me. | had an extreme fun

and couldn’t be thankful enough for this opportunity | had to visit such a wonderful place

29-07-2013

Oh, it rained again. | had breakfast at CERN today, wet and cold. Today’s lectures
were another interesting topics on LHC upgrade, search for beyond the SM physics at LHC,
and the final lecture for SM physics in LHC. The LHC was in between the long shut down for
an upgrade that would increase the energy up to 7 TeV. However, there were significant
challenges on magnetic field errors, collimation efficiency, machine protection, collective

effects and more.

As a result of my extreme activities since Friday, plus the rain this morning, | had a

fever. | was sitting in my room feeling dizzy and hot and cold. It was very bad that | had to
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crawl up the bed and slept immediately. | remember the only thing | said to myself was

“please, don’t die here.”

30-07-2013

| woke up this morning, still feeling sick. After a couple of Paracetamol and sleeping
through one complete lecture, | finally got my energy back. | had to be okay today because
there was a Cloud Chamber workshop this afternoon. The workshop was hosted by one kind
old man who worked at CERN. We had a fish tank cooled down with dry ice. Inside the tank
was full of alcohol. Then we shone the light from a torch to the cloud-like area down the

tank and once in a while we would see particle tracks.

In the evening Connor took me to Lord Nelson’s pub. It was a nice open-air place in
Geneva with a really good beer. We had a very long conversation about our cultures and
experiences. | really liked how fun and easy-going he was. Meeting and getting to know so
many people at CERN really did open up my eye. | really got the idea of their cultures and
attitudes that | could embrace all the good side about them and help me to become a

better person. Thank you for this position ©

31-07-2013

This was half of my stay at CERN which surprised me how fast time flew. Today was
the final lecture of accelerators in cancer therapy. The lecture included the quantitive and
qualitive comparison between protons, X-rays, and carbon ions. The thrill of the lectures still
continued as the last lecture in the morning was on supersymmertry, stating that for every
particle in the SM, there is a super-partner with spin-1/2 difference. In the afternoon |

continued a mask design on CleWin software.

01-08-2013

“Happy Swiss National Day!” and it was still a working day @ After being teased by
some friends how incredible CMS was, my CMS visit day had come! | hopped on the bus
with the other summies to CMS detector at point 4. The guide we got was very good. He
showed us around, explaining how things worked. One thing he emphasized was some
bottles of champagne. He told us that they opened a bottle of champagne every time they

discovered something. How cool was that! It inspired me to try to achieve my goal, whatever
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thing it would be, and opened a bottle champagne for a celebration, too. Well, let’s set the

first goal now: how about getting a scholarship to study particle physics in Europe?!

In the evening there was summer student barbeque party at a nice field near CERN.
Since today was Swiss National Day, there were another fireworks. Oh, how | loved watching
fireworks in the night sky! At the barbecue people brought their own food and drinks to eat
together and socialize. | first sat with the Americans and one of them introduced me to
marshmallows. Tony was the one who offered me a hot marshmallow with chocolate wafer.

It was heaven-like eating them together!

02-08-2013

This morning | had two-hour Cosmology lectures which | really enjoyed. The lecturer
began with the state “In General Relativity space tells mass how to move, mass tells space
how to curve.” And lastly they were followed by the flavor and CP violation lecture. In the
afternoon | worked on a new mask design | got from Andrea, which was more complicated
this time. After work Connor took me to an Indian restaurant next to CERN. We had Indian

curry which was reeeeaaally gooooood!

03-08-2013

This Saturday | rushed to the bus stop with Saroch today as we were heading off to
Neuchatel with P’Phat and Siew Yan. It was a very
nice place for hiking. | was warned by P’Phat that we
had to hike for four hours. | knew right before | left
St.Genis that my shoes would probably be ruined, so
| brought another pair of shoes with me. And vyes,
they were ruined, so | had to continue my hike with

my red casual shoes which were made for shopping.

They weren’t really appropriate, but they looked
funny. The view from the top was breath-taking as usual. Since | was a nature person, |

couldn’t be grateful enough of how lucky | was to witness it.
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04-08-2013

P’Phat and Saroch cooked us lunch today. Siew Yan and Connor ais.o joined. This
was my chilling Sunday, so | just chilled in my room. In the evening Connor and | went to
Geneva for an open-air cinema. We grabbed two chicken kebabs for each of us and walked
all the way to “Parc de la Perle du Lac”, which | guessed would mean “park by the lake”.
Since it was open-air, we had to wait until it got dark, which was around 9:30. The movie we
watched was “V for Vendetta”. It was my first time watching an open-air movie and also
with French subtitle. | also made new friends today: Garrit and Julie from Germany, and Jake
from England. I really had to thank Connor for that. Because of hanging out with him, I met a
lot of people and | was more relaxed and opened. | also did more activities than how much
| did when | hadn’t met him. Plus, the open-air cinema by the lake was very nice that | wish

we had this in Thailand.

05-08-2013

The first Monday in August began with Monte Carlo (MC) lecture. It was new to me,
but there was practice exercises on MC for summer students. The next two lectures were on
flavor and CP violation which the lecturer introduced the data from LHCb experiment, which

the CP violation could be directly observed in D-meson decay.

In the evening | took salsa lesson organized by one of the summer students, Cristina,
at the pump hall at CERN. There were more boys than girls because more boys did physics!
The teacher was Lukas, who was studying Economics and went to the same salsa class as
Cristina. | was very glad | joined the lesson. Not only was it fun, but | also made new friends

and really learned salsa dancing skills.
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06-08-2013

This morning | had breakfast in the kitchen and made new friends! They were siblings
from Poland who had just moved in. Their names were Anka and Kacper (Casper). There
were two new lectures today on Astroparticle Physics and Antimatter. The astroparticle
physics lecture covered details about cosmic rays and its source. The antimatter lecture
began with the antimatter lamp from the move “Angels and Demons”, which really got our
attention © CERN also had fully equipped antiproton decelerator facility which could make

an antiproton.

At work Andrea told me he would leave for a vacation soon and would be back after
| left, so he suggested me to do a presentation to his colleagues while he was still here. |
was very scared because | hadn’t done much. Basically | was just started! But he was very
kind. He told me that it would be okay and he would be there to help me throughout the

presentation.

07-08-2013

Oh, it rained today @ Andrea helped me with the presentation about my work. After
lunch was the first meeting with the cooling system group from various detectors. To me it
was nerve-wracking giving a presentation to experts at CERN when | was in that field.
However, people were kind enough to understand what | was trying to say and agreed with
the idea. Well, it was Andrea’s idea and he helped explaining what | was saying too, so he
deserved all the credits. The next meeting was at four. This time was between the ALICE

group. | felt like the second time was a little bit better.

After work | headed to Geneva. Connor and | planned to go to salsa dancing by the
lake but they canceled it due to the rain. Instead we went to have fondue. | had never had
fondue before and | really loved it. It was bacon cheese fondue and we ate it with bread.

Now this was something Swiss!

08-08-2013

Another interesting lecture today was about String theory. | missed the other two
because | joined Andrea to EPFL. This was also the last day | would see Petra and Andrea

because they would be off for their long vacations. | took pictures with them and said
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goodbye to Petra. Andrea and | were introduced to a Chinese high school boy, Daniel, who
was a new trainee at ALICE. He was interested in photolithography so he joined us to EPFL.
Andrea went through all the processes again for both of us. He was very kind and | felt really

lucky to have him as my supervisor ©

In the evening there was the third summer students’ party held at CERN in the name
“Endless Summer Party”. | invited Anka and Kacper to the party. Their father worked at
CERN so he kindly picked us up at St.Genis and dropped us off at CERN. Anka told me she
didn’t know anybody and it reminded me how | was when | first arrived. She met a Polish
friend at the party, so | thought it was very good for her. This party was the third and best
one for me. | danced for hours with Kacper through Michael Jackson’s song that he

requested. | had just realized how much | loved dancing!

09-08-2013

Today was the last day for the lecture. The closing lecture was unexpectedly
beautiful. It was about CERN and their discoveries since the beginning until today. There
were a group of summer students sitting in the front row, wearing toga which was Gerrit’s
brilliant idea. As soon as the lecture finished they just stand clapped for the lecturer. It was
hilarious, yet noble ©
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In the afternoon the summer student t-shirts had arrived! It was very cool and small

since | ordered the small size. | received an e-mail from the hostel saying that my room was
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too untidy that the housekeeper couldn’t conduct the cleaning. It was so embarrassing, so

later that evening | just spent hours cleaning and tidying my room ®

10-08-2013

Connor’s family visited him yesterday and he kindly introduced them to me. There
were his grandparents, Harry and Patricia, and his mother, Julia. I had dinner with them and |
really liked it. They were one happy British family that | got the story why Connor was very
friendly and fun. At 10 p.m. there were fireworks by Lake Geneva which stated to be the
second biggest fireworks in Europe and lasted for one hour. We met the Americans and
joined them for the show. Fireworks always captured my heart. They were grand and
beautiful that an hour was not enough for me. The lake was crowded by people from all
over Geneva that when the showed finished the trams were completely occupied.

Somehow we managed to get back home happily. It was another wonderful day for me @)

11-08-2013

Saroch, Siew Yan, and | headed off early in the morning to meet Tua and his friend,
Nong Turbo, at Zermatt. Nong Turbo studied in Cambridge also and was a trainee in
Germany. Things were busy and lively up on Zermatt since it was tourist spot. There were
people dressing up with Swiss costumes, parades, and chorus and marching bands. We took
a train up to Gornergrat and walked around for few hours. The view up there was dream-like
that | would have visited the place every month if | lived in Switzerland. We could see
Matterhorn which was the mountain on Paramount pictures and Toblerone chocolate bar. |
liked this trip so much because it was between us friends, so everything was very relaxing.

No dramas, no worries about work or inappropriate actions, just fun and laughter of the

young peoplel!
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12-08-2013

| started to write a five-page report for CERN today since | had to upload it by the
end of my working day. | couldn't believe that | was leaving CERN in two weeks. Time flew!
The special thing about being at CERN was the
precious opportunity to meet people from ALL
around the world. You could come back to
Switzerland or visit CERN anytime if you could

afford it, but you wouldn't be seeing the same

people as you were now. Therefore, | tried to do as
many activities with them as possible. Same thing | did last Monday, | had salsa lesson at the

pump hall. This was only my second time, but | really felt like | was good at it.

13-08-2013

Andrea assigned me to write a MATLAB code for pressure drop calculation, he
suggested me to do calculations by hand also in order to check if the answers were
accurate. So | just did the calculation all day because there were many parameters and they
really did confuse me. The good thing was that | could still e-mail him if | had any questions,
and | did have loads. In the evening | caught the bus to Val-Thoiry shopping mall. The mall
wasn’t big compared to what we had in Thailand so there were not many choices for me. |

also had French McDonalds’ for dinner @

14-08-2013

Today was the second day of the summer student session, which was organized for
summer students to present their work during summer. There were from various fields:
physics, engineering, and computer science. Some students even invented new thing as their
projects. In the afternoon | had an Antiparticle Decelerator visit. It was incredible. The guide
was Michael who was the Antimatter lecturer himself. There were complete facilities to
make an antiproton at CERN. Moreover, Michael filled us up a lot of information that made

me think that this was the best visit that | had had!

% 60




enuNsinsulasnsindnw aegeTewdsu Usednt 2556

15-08-2013

Today was the last day of the student session. | still worked on pressure drop
calculation and write some more for the report. Tonight was my last summer student party
night. The theme was CERN “Around the World” party, so whoever dressed up with their

national or other countries' costumes got free drink. | would miss my friends so much ®

17-08-2013

This weekend | hopped
on the train to Piotta, which
was in the South-East of
Switzerland. Everything was

first in German at the train

station in Airolo, but the

moment we arrived at Piotta, people spoke Italian. | visited a
very nice wine shop with hundreds of different wine you could ever imagine. | got a bottle
of red wine which won the best wine in 2009. Classic! My destination was up the mountain
to a small hostel. It was nice and cold up there, with a dam and mountain ranges. People
might say that all mountains were quite similar in Switzerland, but | had to say | had never

got bored of their beauty. | had Italian food for dinner and | loved it so much!

18-08-2013

Night time up on the mountain in Switzerland was
cruelty since the temperature dropped so fast that |
didn't want to do anything but snuggle under the blanket.

As morning arrived, | just ran straight into the sun. | had

breakfast then walked around the mountain and saw a s O
beaver! How cool was that! As | kept going higher, we found a nice peacefullake whre
there were loads of small fish swimming innocently. The water was very cold, so | just put
my feet in there while trying to catch some fish. This was the climax of my getaway trip. It
was truly peaceful up here and all | did was just looking around, embraced it, and smiled. |

was very grateful to be selected to join CERN ©
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19-08-2013

And so | was back to my normal routine at CERN. Even a short getaway trip on a
weekend could make me not wanting to come back to the city. Imagine how sad | would be
when | got back to busy Bangkok after two months in this lovely country @ | came across
some problems with the code, so | had to write an e-mail to Andrea. | also submitted him
some of the calculations that | made. Today would be my last salsa lesson because it was
my last Monday at CERN. This time the teachers were couple who really were salsa dancers.

They taught many new steps and fastened things up, so | really learned a lot.

20-08-2013

Since | was waiting for Andrea’s answers to my questions, | only wrote my report
today. In the afternoon | visited the LHCb experiment. They observed b-quarks interaction
and had published articles on antimatter. In the evening | joined “Summer students paradise
picnic” at Pont de la Jonction where two rivers of different colours met. | thought it would
be nice to swim in Switzerland since it had been my intention ever since | got here, but it
was too cold and windy. | got the chance to get to know more people. | had a very good
time talking with Jake, Derk from the Netherlands, and Katie from Scotland. There were also
Joe, David, and his friends. It was Jake’s birthday today, so we just sang happy birthday very
loudly in the tram that it made me laugh so much. Happy birthday, Jakel!

21-08-2013

| continued writing my report as the deadline was coming soon. | finished the code
for Andrea. Now | just waited for his approval. This was my last week at CERN, so | went to
the Indian restaurant again to enjoy my last curry for dinner. As | was told that Wednesday
night was salsa night at Parc de la Perle du Lac. It was the same place where the Science
museum was and where | watched the open-air cinema. Connor and | decided to go there
and see how we go with our three lessons of salsa. It turned out to be a very nice and warm
atmosphere of people dancing and having fun. From what | saw, they all could salsa.
Although we were just beginners, we were pretty good! | really had a wonderful night.
Dancing outdoors with good music at night was something | couldn't do in Thailand. | was

very glad to be here with the best company | had ever had ©
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22-08-2013

| spent all day with my five-page report for CERN. Because the work | was assigned
from Petra and Andrea were different tasks, it took me very long to write the overview.
Tomorrow would be my last day at CERN. How fast was that! | was very sad because after
two months of adaptation and adjustment, when everything fell into places, | had to leave
@ | had a feeling that | would not finish packing in time, so | asked the hostel for one more
night. | paid for the whole stay, so | could just leave at Sunday morning. In the evening the
Thais were out for our last dinner together at Thai restaurant in Geneva. P'Gai was kind
enough to treat us all. It was quite expensive that | even had an idea of opening Thai

restaurant in a foreign country. | mean everybody loved Thai food. It would make a fortune!

23-08-2013

And the last day had come! This was the busiest day because | had to get everything
done before | left. First thing | had to do was to return all things | was given - bicycle, office
key, and CERN ID card. The most frustrating thing that happened today was when | walked
back to building 55 to return my office key, but | had already returned CERN ID card and |
forgot to carry a temporary CERN pass with me. The security guard did his job well enough
that he didn't let me in, even though he saw me walking out from the entrance, carrying
nothing with me. | mean, come on, | was just a small Asian girl; | could do no harm to
anyone! And even if one of the summer students tried to convince the security guard that |
was with him, the guard still didn't let me in. Finally, | had to ask for another temporary
pass. | was supposed to upload my report today, but since it hadn't been approved vyet, |
just uploaded the draft version. By the time | had finished everything, it was around
midnight. Luckily, | asked the hostel for staying one more night or else it would be a lot

messier than it had been!

24-08-2013

Since | didn’t prioritize things well enough, | had one more day for packing. My plan
for today was to redo everything again one last time — pictures at CERN, visit the globe,
fondue, salsa, and Charyl’s. The globe was a very nice small room, full of stories and details

about CERN and particle physics. There was also a video in French about them. | took my
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last pictures at CERN today, just to be sure that | was really here. It was very nice of Connor
to accompany me all day. In the evening we went to Geneva to have our last fondue and
salsa dancing. Unfortunately, it rained right after we had finished our meal @ Instead we

went to Charly’s to grab some drink for this last cold night. This was the best Saturday ever!

Lastly, | was truly grateful and honored for this
opportunity to be chosen a CERN summer student from
Her Royal Highness Princess Maha Chakri Sirindhorn. Having
this opportunity made me set my goal to contribute more

! for Science in Thailand to help propelling it forward, just

——

like CERN slogan of “accelerating science”.

Good bye, CERN. Thank you for all the knowledge and activities. Thank you for such
a brilliant idea of holding summer student program and give the opportunity for us students
to meet. Thank you for all the joy and laughter, slight tears and drinks! Most important of
all, thank you for making me feel special that | valued myself enough to encourage myself

to get up and do something good for myself and others.

Good bye, Geneva. Thank you for being such a special place to be to meet people
from all around the world. Thank you for being such a well-organized place that made me
want to be as neat as you were. Thank you for all the outdoor activities you hosted just to

see our smiles. Most important of all, thank you for the fireworks!

Good bye, Switzerland. Thank you for being so expensive that made everyone,
including me, treasure you more. Thank you for being so gorgeous and taking my breath
away in every single trip | went. Thank you for being so beautifully peaceful that | finally
found myself and knew what | wanted to do for my future. Thank you for all good food,

nice people, and safety. | shall be back again ©
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