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1. Particle world

Standard Model

HEP theory concepts (Introduction to Quantum Field Theory)

Beyond the Standard Model

Heavy ions

Neutrino Physics

Flavour and CPV

Antimatter

v e N o kR LD

String theory
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1. Accelerators (Introduction to Accelerator Physics)

2. Detectors for Particle Physics-introduction

3. Detectors for Particle Physics-interaction with matter

4. Detectors for Particle Physics-Scintillators, Gaseous detector, and semiconductor
detector

5. Electronics / TDAQ (Electronics, Trigger and Data acquisition)

6. Triggers for LHC

7. Physics at future colliders

8. SM Physics LHC (Basic & QCD, Top quark, and Higg Boson)

9. LHC upgrade-Upgrade Performance Goals and HL-LHC Upgrade Ingredients

10. LHC upgrade-Superconducting magnets

11. LHC upgrade-RF systems

12. Search for beyond the SM Physics at hadron colliders
nguil 3 memszvideyalunisil@ndoynia dausznouluse

1. Statistics (Practical Statistics for Particle Physics)

2. From Raw Data to Physics Results

3. Monte Carlo-event simulation for LHC

4. Monte Carlo-predictive MC tools for colliders

5. Detector Simulation
nguil 4 suUszgndLazdy q TeUsznoulude

1. Nuclear Physics

2. Accelerators in cancer therapy

3. Cosmology

4. Astroparticle Physics
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JUN 1 ussenan1sussensluau HEP

lngsgazideauazilevnvesiteusseeviaun gaulaanunsainluilaussengesuladl
17310 http://summer-timetable.web.cern.ch/summer-timetable/ Tunilgwianladeniate
Ql' % % < a A al' ¥ a o 1% ¥ a [ dy
AU aUl ULy 9150LN8999N15UIFLVDIT MU B US89 UF ]
O SM Physics LHC (Top quark)
Tunisussensluitetidunisussenufiowanifanan1snnasdain LHC Auana
nN13ilegvad Standard Model (SM) @strmdnvzsaileniangludiuveiaves top
d' < 1 d' Ql' [ a o £ v
quark 1a3y tlsanniduduiiiediuauiderastima
waduguaudfianzimeseynanldamnsavihnelaglduuudiassnasgiu
1§ wiinausainunaveseynayagu 017 Sidnaseu Jwaunsainldlaenss dmsu
quark ImemaluisianunsafA1uiamiaain hadron products 1 egslsAnudmsu top
= I d'd d' o o
quark Fadusynaniurauinfigaly wuudiasswnasgiu wwudymilunisaiuium
wananasuandluguil 2

- BERGISCHE
Top mass from |+jet decays UNIVERSITAT

WUPPERTAL
Favoured topology: tt =¥ 4 Jets (2 b —jets) +efp + v

M® .): Ejer i + E1 + E.)? |>_‘ Pioti + P+ Pu)?
jet i joti

The problems:

- How to get the z — component of v

- Out of 4 (or more) jets: which jet belongs to which top?
- What is the energy scale of jets (and electrons)

5UN 2 Yayvnlunsinunaves top quark
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(E, uaz p,(v)) deudheuimldieaunisidaesuslaeilaiialdinddiosndy
fimsazidu egusvana 70%

My =(E +E)* = (p, )+ p, ()" =(p, )+ p, ()" = (p,(1) + p,())’

E, =P, (")’ +p, ()" + p,(v)’

wonanitymdu q Wudgwiiraulawuiu aunsefnusigazdoafiuiulaain

https://indico.cern.ch/event/243742
O Monte Carlo (Event simulation for LHC and Predictive MC tools for colliders)
nsvsseneluidefidunisusseefiiedestunssiaosvgnisainisuiu
¥es9ynA 017 Wsmeuulusneudl LHC wnnafitevdenisusseneidu Monte Carlo
Josnlumssraesiildmaiiadinanilunisdudiaoamnansainng 4 Tuin lnetuneu

NsTIaRIENaNUTaLUSLARLTUN 3

THE LHC SIMULATION CHAIN

CERM summer student program 2013, Aug 5-6
Wariay B Augi 2013

JUN 3 nszuaunsilun1sdnaeannnisaloun 1At U SEAUNA UGS

Taglun1591a9958108U7898%1n15AMUA Lagrangian YBITTUU UazViIUI8nI
Feymann diagrams 1'7iL{‘Julﬂlﬁﬁgwmmﬂaymﬂﬁ%’%uﬁ’u wazdIAu Matrix element
generators (ME Generator) Imassw%Lﬁaﬂ‘dﬁﬁ%mﬁmau’tamﬂué’fgzgm (Signal)
Tuvafvnnisaldu o Dudyayasfiunds (Bke) dwasana1alufis event generation

Weoaiawman1saliinduainnisyusinanlaensgumnnisalaemailn MC ayniail
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IaggnassialuAiannsnisal Parton shower (PS) Wag Hadronization #wiilviounn

' '
A o

aanefinansilduoyniafiannisadidulinaieswmsinduounia lneseazidenlunis
PassaansafnwlianseasiBunnagui 4 MeaviBuaiisitansadnylan

https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/MCSummerCERN13

GENERAL STRUCTURE

Includes all possible subprocess leading
PILNTGTl  to a2 given multi-jet final state
handler autormatically or manually (done once
for all)

“Autornatically’” generates a code to

AR i T -
te |M|2 for arbitrary processes "“-—V'—-e:’:ﬂ;_’":‘

ME any partons in the final state. ;,m T
SIRHEIEY  (se Feynman diagrams with tricks to ol R

reduce t factonal gmmh.l others 'L__" ot *
have recursive relations to reduce the - il
l‘_GI‘"ﬂDE.\(II:{ to exponential. @

Sagram s G005, DL

tudent program 2013, Aug 5-6

GENERAL STRUCTURE

Integrate the matrix element over ; :
X section the phase space using a multi- =i 1
channel technique and using | {
parton-level cuts. i [ 1
Eapga, PoRarom|
/ \.
Events are obtained by L ——
unweighting. These are at the . R
parton-level. Information on s 3
particle id, momenta, spin, color is 14 500 .

given in the Les Houches format

tudent program 2013, Aug 5-6
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GENERAL STRUCTURE

Detector
simulation
& reco

Qe

U7 4 dupeulunisdnaes

O Detector Simulation

Tuilandisimnn Weeynadudundndnsiain hard  scatting indeudianis
#¥anszuannsfiionin detector simulation azgnihdiiunsiiosiasadumaves
sumanigluirindseynennsassiamnsaiiluisuisuiudoyadldanms
fra3e Inglusunsamdniinie LHC 19/ Geantd uananiléaillusunsy ey Fluka
MARS MCNP/MCNPX 1agndnn15v0lUsknITUILoIANITATUIALUY
Non-deterministic A&7 9 random  walk Ingnsguiianiuazszoznsiadeudiniy
aansvzelAonIvineyna TnenszuiunsiiaessuaInMsdus LA ArNaYes
symanilsitulanuasnmesduieindeusynialudaiumisnifgui 5 Tae
Tuudazadsiiinmaindeumumns se1fouistagshnsdmanisfinduniise vie
youavanaiesnsatn Ineflunssuiumsdusyniadsiaanesieineynialmsl
sruumsmdanuiigapdsuaznannaunuwimanluniesmsady uidnineyna
1mj'53w%ﬁ1m‘i'1LLasﬁwumaqmﬂ‘LmLmumiﬁ%ﬁumiﬁ wazazandunsdmiunn 9
oymaluspuu uasiidelionnssviunisiaonunidn Monte  Carlo radiation

transportation Asuanslugui 6
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a point where a physics ‘ Stop: zero energy

process occurred / \ step

start point

geometry boundary geometry boundary

JUN 5 1dUn9nIsAdeuiveeun1nINN1TINaes

Algorithm \N_‘
S —-wa“iqe End of the Event

Yes o
Y
Find next step
(physics process or
volume boundary)

¥ ——
Continuous part “Energy deposits ™
(along the step) __Fields effects -

A | B

Discrete part k (é:reate new parlicleé)
~— -

(post step)

Y

No Still alive . Yes
<. Ekin>cut e

“~Inside Worl 8
-

End of the particle

'y

3UN 6 52108UT5d MU Monte Carlo radiation transportation codes

wanannsldnisiassdsnanlunuiuiidndounia gussenslduanddsiiui
Tsunsuwasinadadanansagnldaumunmsunndaaguin 7 Pmiandeiandanuaulase
Wsunsu warszdeudsiiiusgnaunn wazaanivihaglddnuilusunsuilogaziden

wazaursathunlglminuselevdlaseld
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Medical applications

JUN 7 nsUssenaldlulenisunmg

O Accelerators in cancer therapy
o F e o v dw % 1 I & = gy
denisussereililduidendmaaula sgelsinuilemiussenglaliady
wannsunin Ingagudussenenegidesuleianisldeuniandeiugs oiilusneu

wnuas X-ray Tunissnwiwaduzide Faeglinafiuiuglunssnvinnidegun 8

Protons are quantitative

9 X ray beams

Courtesy of P51 - Vi

es better than

Summar Sudants - 30.7.13 - UA

JUN 8 AauansesenIamslduauazlusneaulunisinm

wenantldlennsandsunadaanlasuasgui 9 wuiinsly charged hadrons vilvinTs
SUlnalen I nUeAINUANTIRDIN1S NaVa4 radiation ludnwazsana 1 dudonmanis

dlldlugansunndegrann uenantifusseelanansinuugvesinmuaunisudes
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LUl
200 MeV protons ————»|
4800 MeV carbon ions
Workshops
O ROOT

TUswnsy ROOT L‘fJuIUiLLﬂiuéfm%“UmﬁmezﬁﬂﬁayjaLLazﬂﬂiLLaﬁnNaLﬁai%’ﬁU
nusuiidndeynia WsunsuAnsedugldiiunie command 38 terminal 1uman
a PR P | o U 1 v ) v
wagdidmundu GUI liesusdu Adenee aglidnwagaaienie C 1sna1usaltnly
pumedslanumaniuas Tnslunisevsuluasaiiduniseusunuudienuoudundn
anilgmdsaeuauiieunsodniing Tnedusseeaglisidludnwnagyiniuly
tutorials MUAYA https://root.cern.ch/drupal/ (111U Documentation/Others

source/Tutorials and source) ¥51811150vAU LA lUTAiazTunau
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T

Screenshots Download Documentation

Gol a taste of ROOTs
sampling somd sct

abilihes by Go ahoad and download the latest busd of Get the insade scoop on hoy
shats. T ROOT. Also, search the R
the HowTo's and the u

What's New ROOT Users Workshop, 11 - 14 March, Saas-Fee
+ Saptemberd. 2013,
1043
Patch reloase 5 3410 Featuring ROOT 6 - The Next Generation
i :_,ml ¥ Z:HJ ‘Hj Workshop Poster, First Bulletin, Secend Bullatin
R
= a8 AT ARNG

Smce slmost two decades. ROOT has established aself a3 the framework for HENP data processing

U 10 wihunavedlusinsy ROOT
O MadGraph

o

U 2556 |11

MadGraph tJulusunsuldlunisiiunemgnisaliaziinduainayniaRamuiig,

Uaeelwuiu Inensmsuiuumnnisaiain Feymann diagrams Avduldlanaun uaz

d9AU Matrix element generators F4Aaslglun15dUTILNTANT cross section @NUSULA

azwinn1sel egalsinunisduiitnsndenandndudeddnineinsuin asdulung

drapsdnmanilsfenisdmanina1aluds event generation @se1a18u package wos

MadGraph iea3 199N 15TIAATUAINNTVUAINAT

Aanssuluiuluaynawuunniliesanngusseieaunsaussensliegiadila wag

Fdlaseuindnnisildlunisinasanissuveseynaiiseiundinuguduaiusn

wazlemaansyidalu MadGraph weeum Feymann diagrams Mululavisnuaain

landgusseneli dwsudaulaanansadlugilemuazlandving workshop lanmudes

https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/CernSummerSchool13?version=7

Ihnois

G
Bocas  Besen Ik Do

‘/" The MadGraph L.L;u-.l=|._".-: ———
. '

High Encrgy Physics

gﬂﬁ 11 (F18) UTT9INIATZININNITUTIENY (327) Bl naueslusunsy MadGraph
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O Cloud chamber
a S a a o s v o < ] '
AanssuililufanssumhaulauasAudunnnudiasidunimaassdiny 9 wainse
n1svaassiansauanslidimdnrudunisveseyniaiinesu damannistunisiiu
WundananiinainnisikeanegediuanusleSeudeindllauaudalvonsibey
anuziliogniuniu wWasuanusiluveunailagn1ssuniuaInnIsAdouikIuves

2UNA

JUT 12 (18) JuTseneuazn1snnaasinesfings (111) Wun1eveddieau

® | HyUYUANIUNAADY
nsifeuruantineasslu@su Wufanssunedeainuiilunisamzidounazalng

v a

Suiiaveulunisdawuuaeuaidlunisidniindlaussens laenesuszaiunulaseuasidalv
tnanwlulasinsamzifeudenaoniinaassfiosnduBousuuas workshop floenndisaui
Aanssu FdluusarnsBeusuesiinisfvuniukasaiieliindnwildnausulunisideusy
sesenielilinaninnisddou diidfegraintutuiiewwestmdlulld fufunisin
aaTimizay dnsunisdeusuaninaasdy o Fwerslddeliamedou wazniedn
8n33nanils Ae iannsnnunguidieu 1 uasfindovoandudeuldfeiaies uonainiung
aniinmansenaiinsilasuifnnisainsiesussens 817 Antiproton Decelerator (AD) lne
PlaNTINEnInAas 911U 6 Ui Usznaunie CMS, SM18, ATLAS, AD, LEIR/LINAC
ey the computer center
O CMs
CMS 38 Compact Muon Solenoid \iuia3eansaaineyniadlmives LHC
yuthiins19a0UnLWuE U UUT AN TIIU BUAIABNA NuTaLINTINDs

s

(Supersymmetry  theory) Wand

¥ (% =

MngtesiunisiogvesliAfivay (Extra-dimensions
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physics) CMS fanuaunsatunisnsiaduiizeaulan 1ulilileann LHC vyaiiuiases

euTulsaasiausruy Trwdndedilonaladnluibensuin3adingse Aagun 13

|
|

UN 13 UTIHINATERINUBENIN CMS (3) S2UU trigger (b) Lﬂ%amaﬁmaymﬂ CMS

'
=

() Wnthnfmaeidunsusuugauesomsiatn (d) asusius sundidulndigs

wuzitoya (e) iTpwTIRt A LieinwIANNUAeANY Wag (f) Wiihiluriesriuay

O sMm18

SM18 (Superconducting Magnet) 1Uulsseudfivuinfinsiadounasinfsszuy
veddlusnaulanu  LHC TasluvendsvisazusznaumevioddlUsnaudasvionasssuy
] & o o a I &2 o b4 = ::4' | o ]
wimanddeenseuviedwihliniuaumsinfeunvedusneuneluvie Asgun 14 (a)
way (0 Jugunmelulsanuvagvietdeunaidgnrinismegey uenainillulssnu
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[

WNIIANITUANIBIAUTENOUANN 9 YauATedounIA Wy JUN (b) wansluviseuy
yeINe wag (d) wansuSiuvesidonvie dadududiunmedilamuazyinld LHC
AoaveANSAULATOlUYIINNTINSAUATES

LN R

JUM 14 UssenniasevInalensy SM18 (a) viewhdseynia (b) uvissu

Y

A

(0) lnamdsussenedanismaaeuviodndioynia uae (d) seeravewistdeynia

O ATLAS

ATLAS %39 A Toroidal LHC Apparatus L‘TLJuLﬂ%am’aﬁ]i’mﬂgmﬂﬁummﬁlwg i
wih ety s uildszuusimdniiedesiauandrstuiadvunalugnin cms
fiRswes ATLAS euinamssiimauuiudiingumndn CERN Tnsnsusnveseinnsass
avelassaiweuniomainoynavuialug fagui 15 silidenasiiulddn
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Abstract

The invariance of the standard model under CPT transformations leads to the equality of particle and antiparticle
masses. The recent measurements performed by the CMS experiment on the top anti-top mass difference are a
test of such symmetry. In this work non-perturbative QCD effects, which may eventually lead to an apparent
difference in the mass of a top and anti-top quark, are studied.

1. Introduction

If observed, CPT violation would be an unambiguous signal of new physics because this discrete symmetry
is automatically conserved by any local relativistic quantum field theory. Checking if this is truly an exact symmetry
of the standard model (SM) is therefore important.

A major consequence of CPT conservation is that the mass of any particle must equal that of its
antiparticle. Search for CPT violation in the top quark sector is one amongst several possibilities. The mass of the
top quark is currently known to a precision of 0.6% [1] allowing for a precision mass difference measurement. In
general both mass and lifetime differences of a particle and its antiparticle are a model independent signature of
CPT violation [2]. A top quark can decay through the weak interaction producing a W boson and a down type
quark: down, strange, or bottom, where the decay into b quark is largely favored. Because of its large mass, the
top quark is extremely short-lived. As a result top quarks do not have time to form hadrons before they decay. One

of the decay channels is tt_—>(bW+)(EW_)—>(bZ+v)(5q'§) as shown in Fig. 1.
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Fig. 1: Top pair production and decay.

The latest measurement from CMS [3] indicates no significant deviation in the difference of top and anti-
top quark masses. The measurement is limited by the statistical uncertainty and the main systematic uncertainty is
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expected to be due to the possible difference in response between b and anti-b jets. A 0.1% difference in the jet
energy scale of these two types of jets is expected to induce a difference of 6417 MeV in the top mass difference.

In this work, we have studied other possible sources of systematic uncertainties, which can eventually be
generated by a difference in the kinematics of the top and anti-top quarks, or by non-perturbative QCD effects,
which can be phenomenologically parameterized by the Underlying Event (UE) model [4].

2. Setup

For our study we have used top pair events generated in pp collision at Js =8 Tev using PYTHIAG [5]. For
the UE model we have considered different tunes for comparison, namely: Z2* which is used by default in CMS [6]
and Perugia 11 [4]. For the Perugia 11 tune we have furthermore considered two variations: the nominal one and a
version where color reconnection is switched off (P11 and P11-noCR). In each case we have simulated a total of
10’ events per tune.

The generated events have been analyzed after running a jet algorithm. The anti-k; algorithm has been
used with a distance parameter of R=0.5 [7]. The properties of the events are studied at generator level without
any additional pre-selection applied.

3. Results and Discussion

e Overview

The top mass was calculated using MC simulation at different steps during the event evolution.
The chosen steps were: generator level, prompt level, post-radiation level and jet level as shown in
Fig.2(a). We observed, as expected, that the reconstructed top quark mass obtained at generator level is
the same as calculated from the prompt particles i.e. computed from prompt W boson and b quark due to
energy and momentum conservation. As the b quark carries color charge, it may radiate gluons before
eventually hadronizing. If the top mass is computed at the post-radiation level, i.e. from the final state b
quark and the W boson, the resulting mass is observed to be strongly reduced due to the energy loss via
radiation. However, most of energy can be recovered by applying a jet algorithm to the final state stable
particles. The top mass distribution calculated at jet level has a similar shape as at the generator level
although its width is wider than the previous. A shift may be observed as well in Fig. 2(b).

o
: 35000 —— Generaled level (t)
o oo E Prompt level (b+W)
b-jet Q 0 omm ml“ o 30000 = Post-radiation b level (fsbsW)
Jet level (b
I ktm' 25000 ——— Jets level (b-jetoW)
20000
Past-radiation b (fsb+W) 15000 &
10000
Generated level (t) 5000 F
(a) E (b)
) 160 180 200

Top mass [GeV]
Fig. 2: (a) Representation of the event levels studied for top mass reconstruction and
(b) Distribution of the top mass reconstructed for each level:
(orange) generated level, (yellow) prompt level, (magenta) post-radiation level and (black) jet level.

The showering effects and resolution of the final top mass distribution calculated from the post-
radiation b and jet levels which are a result of non-perturbative QCD effects can be parameterized by the
UE tune. It is expected that different implementations of the UE model lead to a difference description of
the b quark gluon radiation. In order to study this, the number of gluons radiated from b quark before
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prompt level was counted. They predict different gluon multiplicities as shown in Fig.3(a) and leads to
different energy loss prediction as shown in Fig.3(b). We observed that the top mass distribution at post-
radiation level using the Z2* tune differs from the one obtained using P11 and P11-noCR tune.

120%10°
w " v
8 | — —2z2
Lu‘i L P11 D14
OO —P11-nDCR I = T Ty
- Number of gluons
80 | radiated from b
60~
407_
20F (a)
R e , 15
s 1E 0 BB B B B B B B B i i E 4
Co5ke.. N N L (|1 S R |
0 5 10 15 100 150 200 250

Number of gluon 1t mass (bfinal+W) [GeV]

Fig. 3: (@) Number of gluon radiated by the b quark. (b) Top mass calculated at post-radiation level for different UE
tune: (black) Z2*, (green) P11 and (red) P11-noCR.

Non-perturbative QCD effects may affect the top mass reconstructed at jet level. Alternative UE
tunes predict different biases and resolutions of the top mass as shown in Table 1. The shift of the
average top quark mass using different UE tunes is of the order of 200-400 MeV, compatible with the
systematic uncertainty assigned on previous top mass measurements performed at CMS [8-10].
Therefore, systematic uncertainties of top mass can be induced by UE tune.

Table 1: Mean and root mean square of reconstructed top mass at jet level in different UE tune.

UE Tune <Mo,> [GeV] Omtop [GEV]
Z2 172.080 7.35494
P11 172.278 7.27073
P11-noCR 172.472 7.22512

Dependency on kinematics and UE Tune

We have also found an evidence for an increase of the reconstructed mass for boosted pr top
pair systems which is shown in Fig. 4. Similar behavior is observed for different tunes: a linear increase as
function of the transverse momentum of the top-antitop system when it is larger 50 GeV/c. Relative shifts
of difference UE tune which is 200 MeV are compatible with previous observations. Table 2 summarizes
these observations for three selected regions.
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Fig. 4: Mean of reconstructed top mass as a function of the transverse momentum of the top and antitop system:
(black) Z2*, (green) P11 and (red) P11-noCR.

The kinematics dependency on top mass difference
Kinematics dependency and UE tune dependency on top mass difference were also studied. We

have found that the top mass difference does not

depend on UE tune mainly the individual bias on the

reconstruction of each quarks’ mass cancels out. However, kinematics dependency may affect
reconstructed top and anti-top masses if individual boosts differ. The effect induced by the difference in
kinematics between top and antitop on its mass difference was studied. We have found that asymmetric
systems tend to have larger mass difference as indicated in Fig. 5.

3 [+ z2 LJ’
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Fig. 5: Top mass difference as function of the transverse momentum between top and antitop quark

For highly boosted py systems in which the transverse momentum of the top and antitop system
is greater than 100 GeV/c the relation of top mass difference and kinematics difference increases linearly
as shown in Fig. 6(c). Large mass differences can be induced, i.e. larger than 500 MeV. The top mass
differences are diluted for moderate boosts (30 GeV/c <P of tt < 100 GeV/c) and are observed to be

smaller than 500 MeV as shown in Fig. 6(b). For systems nearly at rest ( A of tt < 30 GeV/c) the top mass

differences are smaller than 100 MeV. In this category we observed a change of slope as shown in Fig.

6(a).
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Fig. 6: Top mass difference as function of the transverse momentum between top and antitop quark:

(a) A of tt <30 GeV/c, (b) 30 GeV/c < P of tt <100 GeV/c and (c) A of tt >100 GeV/c.
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Table 2: Mean and root mean square of reconstructed top mass at jet level for different UE tune and kinematic.

UE Tune P of tt [GeV/c] <M,o,> [GeV] Gtop [GEV]
2 P of tT <30 171.931 7.32866
30 <P of tt <100 172.072 7.37275
B of tt >100 172.405 7.36322
P11 P of tt <30 172.132 7.25622
30< A of tt <100 172.290 7.27998
R of tt >100 172.600 7.27126
P11-noCR P of tt <30 172.326 7.22656
30 <P of tt <100 172.489 7.22487
B of tt >100 172.784 7.21178

4. Summary and Future work

In conclusion, as a result of these studies we were able to observe two dependencies of the reconstructed

top quark mass: dependency on the kinematics and on the UE tune. In the first case we observed a shift in the
reconstructed mass for top pair systems with higher prand due to this fact the reconstructed mass for a top and an

anti-top

in a single event may lead to significantly different results. The different UE tunes tested predict different

energy losses of the b quark, which are only partially recovered by the jet algorithm. This leads to different bias
and resolution of the reconstructed top mass in each model. When the top/anti-top mass difference is considered,
the individual bias cancel out and we do not observe any particular effect. In future, we plan to estimate the final
uncertainty on the top mass difference measurement due to the mis-modelling of possible top and anti-top
kinematics asymmetries.
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29-30 June 2013

This was the day to begin my trip. | had said goodbye to my family and my friends and went to CERN
summer student camp in order to search for new things in Physics for me. | left Suvanarbhumi airport,
Thailand with the flight EK 089 at 1:35 AM June 30. That was first time | flew with Airbus A380, which was a
very large plane. | slept almost the whole time. | arrived at Dubai airport in the dawn. | waited about 4-5
hours for transiting the flight to Geneva so we strolled in a Duty Free shop and bought breakfast withfree
meal coupons we got when | asked about internet service at a Emirates information counter but she gave us
meal coupons. Again it showed that | could not communicate well T_T. On the flight, we could see Alps
mountain range. It looked very beautiful as shown in figure. We arrived at Geneva in the afternoon. We met
Aj.Chinorat, P’Phat, P’Gai and P’Nan which are Thais who were working at CERN. However, today Aj. Chinorat
went back to Thailand. We took little time introducing each other and we said goodbye to Aj. Chinorat. Then
P’Phat, P’Gai and P’Nan led us to CERN and got the key to access a hostel. In the evening, P’Phat, P’Gai and
P’Nan cooked Thai food at the hostel. We had dinner on the grass outside of the hostel with bell’s sound

from walking cows. | felt happy and peaceful. | was so tried now. See you tomorrow.
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1 July 2013
Today was the first day working at CERN. There were lots of activities we needed to participate. We

knew a lot of new friends from various countries; however, | could not remember some their names.
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Nevertheless, | try to remember them. In the morning, we had a short lecture on introduction to CERN and
some important information for my stay at CERN. It organized by the summer student team who has contact
me since | was in Thailand. Then | met Yen, a new friend from Malaysia, David, a new friend from Ecuador,
Prim and | went to 55 building to get CERN ID card. We waited for a long time because of a long queue but
we got only temporary pass for access CERN site. T T So we had lunch and then we separated to report to
secretariat. Yen, David and | went to CMS secretariat. We met a new friend who have arrived by a jet in the
afternoon but he had CERN access card. So we went to Building 55 again and we finally got CERN card. My
face in that card looked so dark; | did not like it. Then we went to Building 124 to rent bikes. Then we
separated to meet our supervisors. | went to CMS building and met my supervisor and two postdoctoral
students: Juerg and Pedro. They introduced my project to me. It related to Top mass measurement. They
gave me the paper about QCD effect on Top mass measurement. And then he led me to my office. It looked
good view but not private. | met a few summer students who were working in the same office. In the evening,
Yen, Prim and | planned to go to supermarket. Because of many causes; for example, Prim asked P’Gai to
guide us how to go. However, P’Gai borrowed P’Phat’s bike which was flat tire so P’Gai inflated. At the hostel,
we had to contact a receptor to get a new room key and internet access. They made us so late. We decided
not to go to the supermarket instead we planned to go tomorrow. Prim gave Yan two instant noodles for
dinner. Prim and | also ate instant noodles.

2 July 2013

I went to CERN at 8:00 am for breakfast. In the morning, | met a new friend named Henrik who was
under my supervisor. He was doing project related to my work, however, he had basic skills so he could do it
proficiently. Then we went to a seminar entitle “Measurement of Top Mass and Properties with the ATLAS
Detector”. It was a good topic for me because it summarized important issues for Top mass measurement. All

the afternoon Juerg taught me how to use CMSSW which was a framework for data analysis at CMS and | did
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some simulation to find top mass following tutorial. | could get results even there were unknown details
about the codes. However, | had to simulate more events to get good results. So | sent my simulation jobs
before | went back to hostel. In evening, Prim and | went to the supermarket to buy foods so this was the first

time that we cooked ourselves.

3 July 2013

Today was the first day we had class. The content in the first class consisted of an introduction to
CERN, CERN computing services and security and workshop presentation. Then Particle World, the highlight
topic of day, made me exited and know that we had various mysteries which human do not know and a lot
of knowledge in Modern Physics | did not know. In the afternoon, | worked on my project: | looked and
discussed results from yesterday. It looked good. So Juerg told me the main point in my project and taught
me how to analysis top quark mass in case of MC simulation in detail. Then he left me to edit some codes to
get 2D-histrogram to indicate difference of ttbar mass as function of Pt of t and tbar. At 5:00 pm | went to

welcoming drink at Restaurant 1. | met many new friends. This was a good time deserving recognition.

4 July 2013

In the morning, we had the first opportunity to study the standard model. | thought that lectures
described clearly. However, | did not have basic in Group Theory so | did not understand some points. The
second lecture was Statistics. It plays a role in experimental particle physics. | reviewed preliminary
information and learned modeling: Monte Carlo simulation, data driven and effective modeling. But lecturer
had to speed up at the end of lecture according to schedule | did not understand in the some parts of data
driven and effective modeling. | thought that | will review again. In the afternoon, Juerg was so busy because

he got a meeting so we read documents he gave me which were related to ttbar event and hadronzation. |
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understood more but some points were still problematic for me. Then P’Phat asked me to join a meeting at
5:00 pm. P’Nan presented the pre-approval of her project. She worked on Vector Boson Fusion Higgs (VBF).
This presentation had many technical terms. | only knew that she could increase the precision in the Higgs
mass from her new method in data analysis. Then Thai peoples like P’Phat, P’Gai, P’Nan, P’Koi, Prim and |
went to Geneva city in order to have dinner and celebrated the finish of P’Nan presentation. We ate Kebabs
at Lake Genava. This landscape looked very beautiful. Especially water was transparent. Fortuitously, | found
Juerg at the lake. He told me that he would not be in CERN for the next 3 weeks. So | had to do research

with Martijn who was official supervisor and Pedro, another postdoctoral student.

5 July 2013

Today | was so tired. In the morning | was sleepy all class although | did not want to sleep. Classes
consisted of the Standard Model, Accelerators and Statistics. | thought | was studying once again via video
steam. In the afternoon, | read paper Martjin sent to me and tried to understand codes which calculated
underlying events but | did not understand all of them because | did not have time. | went to attend a
welcome presentation from general director of CERN, Professor Rolf-Dieter Heuer, at 3:00 pm. He talked
about past present and future of Particle Physics. After that, | went to a library to borrow books related to
Group theory, top experiments and Statistics to read on the weekend. In the evening, | cooked dinner for

Prim and me.
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6 July 2013

P’Phat, P’Gai, Prim, Yan and | planned to have small trip in one day. In the morning, we visited the
International Red Cross and Red Crescent museum. Today we paid what | wished to visit this place. It looked
good. Then we went to the front of UN. | saw the very big chair which its legs were broken. Then we went to
Yvoire, France. It was a small town close to Lake Geneva. We had lunch at a France restaurant. The food was
very expensive and | spent a long time waiting for food because France food took long time to cook. But it
was delicious. In the afternoon, | loafed around the city and took many photos. | thought it was the very nice
and peaceful place. At 4:20 pm | went back to Geneva by boat. | sat outside and saw landscape around Lake
Geneva. It was nice. Then we bought pork cartilage, egg and canned fish at an Asia supermarket then went

back to the hostel. P’Gai was chef. He cooked soup with pork cartilage and fried vermicelli. We had dinner

together. Today was a very good time for me. But | was so tried. See you tomorrow.

7 July 2013

This was Sunday. | got up late because yesterday trip made me so exhausted. | cooked lunch and
then played internet and read books, | borrowed from the library in the afternoon. In the evening Kevin, Yan,
Prim and | went to Saint Genis city near the hostel in order to see circus. | saw a lion and a tiger. It was good
time on weekend. Then we drank at a restaurant and talked in many topics. It was a very fun and made us

acquaint to each other.
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8 July 2013

Today we also had three lectures: the Standard Model, accelerators and statistics. They were
interesting especially the SM because it was new things for me. | learned about strong, weak and hypercharge
forces and hypercharge gauge symmetry. In the afternoon, | continued the research from last week. | met a
new friend named Elise which was working on a research relating to Top quark like me. She has just arrived. In
the evening, | went to a supermarket and cooked Thai food called “Pa-Naeng”. It was the first time | cooked

this dish but it seemed nice and very delicious.

9 July 2013

Today classes consisted of the Standard Model and accelerator. In SM class, we learned the Higgs
mechanism. It was complicated but | wanted to understand. At 11:00 am, | watched seminar entitle
“Searches for New Physics with Top Quarks in CMS” via the webcast service while studying Accelerator class.
In the afternoon, | worked on research and at 3:30 pm | went to talk with my supervisor. He explained to me
his proposal to see if the distribution can be fitted with a Breit-Wigner function this should agree with the
‘tree level’ function shown in the theory of paper he sent me. Then | went to the office of P’Phat and P’Nan

and worked. | asked P’Phat some questions about my project.

10 July 2013

The Standard model class ended today. The lecturer showed that the six observation of the SM can
predict experimental values. It gave me more confident in the SM. Moreover, | started to study detectors
lecture. It looked fun. In the afternoon, | read about the Breit-Wigner function and how to fit it with my
results. At 2:00 pm, | went to attend ROOT workshop at 60-6-015. | could see a top view of CERN from this
room. | liked it. And ROOT workshop seemed Q&A activity. | could teach someone and someone could teach
me. | loved it but | thought it had short time. So we learned a little bit. We had to learn it myself for me by

doing it in my work.

11 July 2013

High Energy Physics (HEP) class has just started. | loved the class and teaching styles of lecturer:
writing backboard, and made the lecture easy. Today was also the first class of Electronics / TDAQ, but | was
so sleepy because it was an introduction and | knew learned it before. Nevertheless, detectors class was very
fun. We learned about interaction of detector with a particle. In the afternoon, | worked on my research:
learned ROQT file for fitting my results. But it did not work. Today | had dinner with P’Phat, P’Gai, P’Nan and
Prim. | cooked Thai food called “Pa-Lo”. It was sweet. However, everyone liked it. In kitchen, we met a new
friend from Canada which worked at CERN. He was friendly. We chatted for a long time. Then | went back to
my room and tried to fit my results. It finished before | wrote my diary. Yeah! Finished my works in research

see you tomorrow.

12 July 2013



srgerunIsidisanfanssudndnwinatagaioutdsu Ysed U 2556 |35

I had also three classes in the morning: HEP, TDAQ and Detector. All of them were interesting. In HEP
class, we learned about Classical Field Theory and Complex scalar filed. Wow! It opened my world. Moreover,
In TDAQ class, it fulfilled knowledge in DAQ systems. They were complex systems which used both art and
technique in order to select signals and process them. In Detector class, | knew scintillators which are a one
of particle detector. There were two types: inorganic and organic. Organic type was very fast sensitive and
lower light yield. | would like to know why. | should read it. Another interesting detector is gas state. The
Lecturer explained how to detecting electric signal from them. One part was the diffusion of electron and
positive ion drifted by electromagnetic field. | was very interested because my thesis in master degree will be
the diffusion in biological system especially neuron system, which was, predicted classical physics. | really
wanted to apply modern physics in complex system like biological system. | do not know what systems have
to explain modern physics like HEP which the speed of particle close to speed of light. In the afternoon, my
friend and | had a project meeting with my supervisor. Because he would not be at CERN next week, he
introduced Benjamin to us in order to supervise us. My supervisor wanted me to understand what was the
final state of particle that was defined in code. Therefore, | read that function. Tonight we went to CERN
collisions party organized by CERN summer students to celebrate the birthdays of Jessica and David, Party’s
concept was guy’s tickets had particle and girls had anti-particles perhaps | found my anti-particle, each pair
got a free shot. | enjoyed the party. | met many new friends that some of them was my anti-particle. Then we
went to CERN tunnel. This was a secret part and my first time. Amazing! However, | was very tired. It spent
lots of time in tunnel so | went back to my room at 4:00 am of the next day. This is fantastic day. Actually, |

wrote this diary on Sunday.

13 July 2013

This was a traveling day. In the morning, we went to two museums in Geneva: du Musée D’histoire
des Sciences and Natural History Museum. Before going to du Musée D’histoire des Sciences, | thought that it
looked like science museum | used to go. But | was surprised it looked different and had much classical
equipment | used to see in an old textbook, so we took many photos of it as shown in figure. At Natural
History Museum, | discovered biological diversity because | found many animals both dwell in Geneva and
another parts of the world. | took also many photos. | had fun with my camera and new animals | had not
known before. Then we bought pizza for lunch and walked to Lake Geneva. All afternoon we sat leisurely

and chatted many topics with my friend. My friend from Greece and France opened my perspective about
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the world. At 5:00 pm, we walked to see a parade. This parade was different from common parade in
Thailand: many people getting on truck and dance. It looked quaint. Then we went back to the hostel. | felt

so tired right now. See you

14 July 2013
It has been two weeks since | arrived Geneva. | got up late because of the Friday party and yesterday

trip. | cooked lunch and then read books and wrote diary for yesterday. In the evening | edited computer
code for my project. At night, P’Phat, Yan and | went to Ferney in order to celebrate the French National Day.

| liked fireworks and a concert. It was a very good time on weekend.
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15 July 2013

The last lecture of HEP and TDQA ended. In HEP class, | learned about free fields. It also was fun.
Then in TDQA, the lecturer showed a figure indicating traffic jam in Thailand, | liked it, it illustrated one of
congested problems in the event building at LHC when having two inputs part and one output. In detector
class, | learned semiconductor detector. Today in the afternoon, we had group photo of summer students at
GLOBE. It was a good time. Then | worked on my research: | edited code for calculating top mass from B-jet
and W boson and read about turning which are model in correcting reconstruction data. At 4:00 pm, | went to
P’Phat’s office in order to learning CMSSW. | felt good. A A

16 July 2013

The Detector class ended in the morning. Then the trigger for LHC Physics and beyond the Standard
Model classes began respectively. In the trigger for LHC class it had many things | would like to know such as
how to trigger data for detector, what a part of data would be collected and what parts would be rejected. |
just knew that it had three levels of trigger system consisting of L1: custom hardware and firmware which
reduced the rate from 40 MHz to 100 kHz, L2: computing farm which reduced the rate to a few kHz and L3:
Store events passing final section for offline analysis. All of content was interesting. And Beyond the Standard
Model, the lecturer explained the SM with figure and not using equations. So it was easy to understand. In
discussion section, many students ask content in this lecture. In the afternoon, | tried to edit code
continuously yesterday which was not completed. It was complicated than | thought. At 6:00 pm Prim and |
went to the supermarket and bought foods then we cooked and had dinner together. After that, we planned

8 days Switzerland trip before going back to Thailand. It was not finished. | plan to do it tomorrow.

17 July 2013

Today classes consisted of the beyond Standard Model, triggers in LHC Physics and Nuclear Physics.
In Nuclear Physics class, | learned an introduction of Nuclear Physics but | thought that it is important part
connecting physics in atomic scale to fundamental particles. | did not learn because | did not enroll Nuclear
Physics class at my University. So it was very interesting and should know for me. In the afternoon, | worked
on my research. | tried to edit code continuously yesterday in order to determine b-jet and calculate Top
mass from b-jet+W. It was finished. Bravol!l It spanned three days for this step. In the evening, it was raining so
| had dinner to CERN and went back to the hostel at 9:00 pm.
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18 July 2013

In the morning, | also had three lectures: Beyond the Standard Model, from Raw Data to Physics
Results and Nuclear Physics. In Beyond the Stand Mode class, the lecturer taught the Supersymmertry theory.
We learned a lot of points of views to explain the nature. Then from Raw Data to Physics Results class had
started. It was very interesting because it played a vital important in my project. | had just known how to
collect data from the detector before physicist analyze. Then Nuclear Physics class was an experimental part.
| had just known that not only the proton which occurred the separation of hydrogen at CERN were used to
main objective for studying Particle Physics, but also electron accelerated to do experiment in Nuclear
Physics. In the afternoon, | received email from Pedro about my results; | had many works to do. In the
evening, | went to the hostel and | cooked and had dinner alone, because Prim went to ATLAS party. Then |
went to CERN again to work and summit jobs to the server. They will finish tomorrow. Today was very exciting

day. | was waiting my results.

19 July 2013

In the morning, | also attended three lectures. Beyond the Standard Model and from Raw Data to
Physics Results classes was also very exciting. This was the last class of Nuclear Physics. We studied about
measuring properties of Nuclei, recent results in this field and application of Nuclear Physics. In the afternoon,
| edited code to fit my results which had finished last night. It looked work, but | would collect parameters of
fitting to discuss. At 5:30 pm it was raining, but we had to go to Geneva Town at 6:30 pm because Tua who
was a new Thai guy participating at CERN had arrived, we planned to have dinner together at China
restaurant. It was happy time. Moreover, | had planned to travel in Geneva tomorrow; | would like to visit two
museums consisting of the Art and History museum and the Patek Philippe museum, to saunter in old town
and to go to the top of Saint Pierre Cathedral. | invited everyone. Prim, Yan, Tua, P’Gai and P’Nan were

interested and would go. But P’Phat was going to be CMS guide tomorrow.

20 July 2013
My plan was not completed. | felt sad. We visited only two museums. In the morning, we went to Art

and History Museum. It was very big museum. We took about 2-3 hours for this museum. It was a long time
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but | liked to see arts in the Art and History museum. Then we had lunch in old town. In the afternoon, we
went to Patek Philippe museum to see a clock. It also spent time because we had to follow a guide. This trip
was very fun and | was so tired. Before going back we went to park for a time. I liked it: | took a nap and saw
blue sky. Because today was last day of P’Koi, who was Thai teacher attend CERN teacher camp, before she
would travel next week. So, we went to supermarket to buy ingredients and we cooked Thai food and had

dinner together. Today was happy day.

21 July 2013

Today, we had one day-trip persuaded by P’Phat. We went to Montreux and Lausunne by train. It
was a very good time. | visited to Chillon Castle which was classical castle. At Lausanne Town, we met two
Thai students. We derived water cycle along Lake. Then we had dinner at a Swiss restaurant. | ate Rosti. Finn!

But | was very tired.
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22 July 2013

This was the fourth week at CERN. Today | also attended three lectures in the morning: Beyond the
Standard Model class, the lecturer taught about black hole and from Raw Data to Physics Results classes, the
lecturer taught about physics analysis and shown some examples which had discovered new particle at CERN.
This was the last time for from Raw Data to Physics Results class. | would miss contents in this class. Then the
new lecture which was Neutrino Physics started. It was very fun like | was watching a movie. In the afternoon,
| also worked on research: | collected parameters of fitting, discussed results and sent it to Pedro. Then | tried
to find documents about a weighting histogram in order to work on next step, but | could not find. TT! At 5:45
pm | went back to the hostel and went to buy ingredients for cooking and dinner. In the evening, | went back
to CERN again in order to attend French class organized French friends, the class was very fun. Before going
back the hostel, Prim and | went to P’Phat’s office in order to plan travelling trip. Today | felt unwell. | will go

to bed now.

23 July 2013

Today class was also three classes. They are composed of the last class of the beyond the Standard
Model, the new lecture which is Heavy lons and the second class of Neutrino Physics. | slept in class. |
thought that | was very tired according to many trip on last weekend. In the afternoon, | saw my results
relating to the rest in the jet-level mass for Top mass<120 GeV. | edited the condition to cut the jet-level
mass which are close to zero. But | found that | could not cut it. So | tried to find why | cannot do it. One

reason | thought it is NaN value. So | would run more to confirm. Then | went back to the hostel for dinner. |
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went to CERN again to work. Now | was waiting my results. | hoped that | would find solution ASAP. 30
minutes after | wrote this paragraph | found solution, it occurred initial value that the event cannot match b-
quark and Reco-jet. Bravo! At midnight along way to the hostel, it was raining cats and dogs. | exposed to the

rain. Funny day!!

24 July 2013

Today lectures consisted of Physics at future colliders, Heavy lons and Neutrino Physics. They were
interesting. In the afternoon, | also worked on research, | analyzed and discussed new results which were
solved problem about the rest in Top mass<120 GeV. In addition, | wrote code for re-weighting histogram. It
did not finish. In the evening, | went back to the hostel, went to the supermarket, cooked and had dinner

then went to CERN in order to write re-weighting code. | could do it but | would edit some points tomorrow.

25 July 2013

In the morning, | attended three lectures consisting of Future Colliders Technologies, Heavy lons and
the SM Physics at LHC. In Future Colliders Technologies class, | had just known we have many designs of
Collider, for example; CLIC, ILC, ring-based electron-positron collider, LheC, muon collider, gamma-gamma
collider and plasma acceleration. All of classes were interesting. Nevertheless, | edited some points of code
for my project in the same time. So | could not intend studying. In the afternoon, | had opportunity to visit
CMS detector. It was very fantastic. | saw the real detector which discovered the Higgs. It was very big as

shown in the figures. Today | think that | would sleep early so see you tomorrow.

26 July 2013

Today, we had 2 lectures in 3 hours consisting of Future Colliders Technologies and SM Physics LHC
in 2 hours. Classes were very interesting. In Future Collider Technologies class, | learned about a new
accelerating technology especially CLIC. Moreover, | learned about the perdition of the SM in LHC. | liked
them because they made me believe in the SM. | was very interested in this part: the Top physics at LHC as it
related to my project directly. In the afternoon, | had to go to Genava in order to buy Swiss pass which was
ticket | could use for transport system in Switzerland. At 2:00 pm, | went back to CERN and worked also on
research: | edited the code to plot the difference between the Top mass from jet-level and re-weight Top

mass from parton-level. It worked. | sent my results to supervisor. In the evening, P’Koi went back from her
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trip. Tonight she stayed in Prim’s room. | took her to the hostel, then P’Koi and | went to the supermarket to
buy foods and cooked for dinner. At 9:00 pm | went back to CERN because tonight we wanted to go to
summer student party called “radiation party”. Because | arrived early, | went to P’Phat office and worked on
research lightly. Then P’Nan and | went to party at 10:00 pm, it was very fun, we found many new friends. |
went back to the hostel at 5:00 am tomorrow.

27-28 July 2013

This was weekend, we had two days trip. We consisting of Tua, Prim, P’Punu and | went to Schwzy
and Chur. | had to get up early about 6:30 am: 2 hours and half for my sleeping. | was still drunk. TT Firstly,
we went to Zurich by train. During way, we met new friend which is Swiss draftee. We had long conversation.
It was very fun. We met P’Panu that waited for us at Zurich. Then we transited to a new train to Schwzy. This
afternoon, we went to hiking at Stoos. It was very beautiful landscape. | took many photos. Moreover, people
looked amiable. A A Then | went to Chur, it spanned long time for going Chur. | had dinner about 10:00 pm
then we stayed a hostel. | am so tired today. On July, 28" | got up about 8:00 am, today we went to
Caumasee lake and Rhine Gorge (Swiss Grand Canyon) both places was also very beautiful. We spanned long
time to hiking. | was tired but this was a good time to remember. We went back to Zurich. We separated with
P’Panu that was going to Munich. We went back to Geneva by train during way | found new friend, she is
Economic student. We talked many topics, she planned to travel at Thailand this November. So | suggested
her many place she should go. We arrived to Geneve about 11:00 pm. It was raining but | had to wait for Y-
bus in front of CERN about 30 minutes to ¢o to my hostel. TT! It was very cool. Fortuitously, we met P’Phat
which departed from CERN. | arrived my room around midnight. To sum up, | felt excellent but was so tired

for this trip.
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29 July 2013

Today was rainy day. | was so very tried. In the morning, most of the time in class, | slept. Then | had
lunch with Tua and a new friend from Japan, which | met him last time at P5, named Tomohiro. | could not
understand many things he talked because of his accent. In the afternoon, | worked on my research a little
bit then | went to MadGraph workshop at 2:00pm to 5:00pm, it was very interesting and | loved it because |
just knew about the basic of simulation of particle physics in a detector since parton level to detector level.
Moreover, it related to my project. A A | wrote the information of this workshop in this report, you can read it
if you would like to know more. At 5:00 pm, | went back to Building 40 (CMS Building) | appointed my
supervisor: Martijn, Pedro, and Benjamin at 5:00 pm but | was late because | had to walk back from Building
572 and felt guilty. It was so far and takes time. | arrived CMS building about 5:20 pm we talked about my
project. They got me some work to check my results. Then | found P’Nan and P’Phat haply. So we included
P’Kai had dinner together at CERN restaurant. Then | had worked until midnight. Today was the fifth week at
CERN. Time pass very fast.

30 July 2013

The lectures consisted of LHC Upgrade which was Magnet part, Search for Beyond the SM Physics
and Hadron Collider and Accelerators in Cancer Therapy. In LHC Upgrade, | liked teaching style of lecturer. He
had many jokes which made substance be not boring. | also loved Accelerates in Cancer Therapy lecture

because it related to biophysics and | may find way to connect high energy physics to my filed. In the
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afternoon, | did also research. At 5:00 pm | went to meeting with my supervisor. We talked about plan for my
project in the next 4 weeks before | go back to Thailand. Then | went back to the hostel for washing and had
dinner. At 9:00 pm | biked back to CERN in order to lend P’Nan’s bike and also did work at the library. | had
lots of work to do. Fighting!

31 July 2013

Today we also attended three lectures: LHC Upgrade was the second class of Magnet part, the last
class of Accelerators in Cancer Therapy and the last class of Search for Beyond the SM at Hadron Colliders. In
LHC Upgrade and Accelerators in Cancer Therapy classes, the gist continued the previous lectures and also
interesting but | felt so so. On the other hand, the Search for Beyond the SM at Hadron Colliders was so
interesting. We learned about SUSY and | learned a possible way to prove this theory at LHC. In the
afternoon, | also worked on research about matching b-jet with new methods and edited some parts of code
in order to correct my re-weighted histogram. At 6:30 pm P’Phat, P’Gai, Siew Yan and | went to Thai buffer
restaurant. | ate many foods. Finnll Then we went back to CERN, did work at the library, and then went back
to the hostel at midnight.

1 August 2013

In the morning, | had also three lectures: LHC Upgrade, Cosmology and Flavour and CPV. In LHC
Upgrade class, we learned about RF system and its new design. It was interesting as well as the other classes.
In the afternoon, | edited matching b-jet and compared the difference between two methods | used. At 4:00
pm | went to meet with Pedro, Benjamin and two friends who were working in my group. | was suggested to
write new b-jet matching method. Then | went to P’Phat’s office and worked a little bit before going back to
the hostel and had dinner. | went to CERN again and did my project about new matching method. At 10:00
pm | heard fireworks sound from a city so | went to the sixth floor in order to see them from top view. Wow!
It was as | thought. | saw beautiful fireworks not only from Geneva but also from many cities in Swiss. Today
was Swiss National Day that why today we had fireworks. Then | went back to work and go to a hostel at

midnight, | would do many things about my project tomorrow. Bye a good day

2 August 2013
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In the morning, lectures consisted of Cosmology and Flavour and CPV. They also were interesting. But
| did not intend studying because my senior project had been accepted for the 15" International Conference
on Biomedical Engineering (ICBME 2013) at Singapore so | had to write a form in order to get funding support
from JSTP for attending this conference. In the afternoon, | also worked on research. At 4:00 pm | had
meeting with my research group. | met with Juerg he had just arrived CERN today. | presented all results and
we discussed about works to do. That meant | had much work to do. Fighting! After meeting, | went back to
my office and found on facebook that P’Phat asked me to go Geneva. | quickly went to restaurant which was
our appointment. At 5:00 pm we went to the Geneva airport in order to buy Swiss-pass for Siew Yah then we
went to downtown. We bought ingredients at the Asian supermarket and then we went to Swatch shop
because Siew Yah wanted to buy souvenirs. This week along Geneva lakefront Swiss festival has been in order
to celebrate Swiss National Day, so we walked around the lake. It is a good time. Around 10:00 pm we went
back to CERN in order to plan for tomorrow hiking trip and work. Along this week, the first trip we had
planned is Zermatt. Because of bad weather, we changed plan to go to Creux-du-van. It was a difficult hiking

trek. We had to prepare ourselves for this trip. | had to go to bed now.

3 August 2013

Today we went to Creux-du-van for hiking. The total distance was 13.6 km. We arrived Noiraigue
around 11:00 am and we started to hike. Around 1:00 pm we arrived the top of Crux-du-van. We were so
tired. So we rested and had lunch, then we walked along the edge of cliff and took photos. It was very
beautiful place. We went back to Noiraigue around 5 pm. We spanned 6 hours. This hiking taught me two
mains: tolerance and decisions. Around 6:00 pm we arrived Neuchatel which was the big city of the north-

west of Switzerland. We promenaded in city, went to Neuchatel castle and had dinner at a restaurant. We

went back and arrived Geneva around 11.00 pm. | was so tired today.
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4 August 2013

Sunday again, | got up late and | was so tired because of the hiking yesterday. At 11:00 am we
consisting of P’Phat, Siew Yah, Prim, Connor and me went to the supermarket to buy ingredients. We cooked
and had lunch with Thai food like Tom Yom, Pad Ka Prao and Phat Phong Ka-ri. | felt very happy. Al the
afternoon, | stayed in my room and edited my photos from yesterday trip. Then | had dinner with the same

menu. | also felt happy. In the evening, | also edited my photos from other trips. Is this my hobby or my job?

5 August 2013

I was so tired because of the hiking trip. In the morning, the lectures consisted of Monte Carlo’s:
event simulation for the LHC, Flavour and CPV. In MC class, | tried to study because it related to my project
and | was very interested. The contents were similar to Madgraph workshop, however, it was still interesting.
In the afternoon, | also worked on my project: my main works were composed of two parts: the b-jet

matching and the analysis of the difference between top and anti-top in 2D-histogram. At 5:45 pm | went
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back to the hostel, cooked and had dinner. Then | went to the library in order to work on research. | went

back to my room at 11:00 pm.

6 August 2013

In the morning, | studied three classes consisting of MCs, Astroparticle Physics and Antimatter. In MC
class, it was very interesting. In the afternoon, | also worked on my research: | wrote the script for drawing
profile in 2D-histogram and edited another script for re-weighting histogram while filling data which got more
precision than previous results. At 4:00 pm | attended a Cloud chamber workshop. It was very wonderful
since | could see many particle tracks in chamber. It made me feel that experiment was the important part
that confirms the existence of particles. At 5:45 pm | went back to the hostel in order to have dinner. And |

went back to CERN again in order to work.

7 August 2013

I also attended classes in the morning. They consisted of Detector Simulation, Astroparticle Physics
and Antimatter. The detector simulation class was very interesting because it grasped with my attention.
Lecturer described about how to use MC to simulate a trajectory of particle in a detector which it was
complicated but | liked it. In the afternoon, | went to my office also to do my project. | discussed 2D-
histogram results with Juerg: we observed some relation between the ttbar mass difference and transverse
momentum. It is good news for us. At 4:30 pm | had research group meeting. | presented some interesting
results and we discussed about next works. The meeting spanned long time. Actually, we had poster session
of some summer students at 5:00 pm. | would like to join, so | went to that however, it was late. | was very
enjoy this activity: we talked and discussed about my friend’s projects. It made me learn many things. Then |
went back to the hostel at 18:49 pm | cooked and had dinner. The rain was coming but | had to go back to
CERN in order to plan trip at this weekend and work on research. Tonight, | had many works to do, | went
back to my room at 1:00 am of the next day. | am hungry but | get to sleep now.
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8 August 2013

Today was the last day of lecture series. Lectures consisted of String Theory, Astroparticle Physics
and Antimatter. | felt very interesting in String theory. It demonstrated our endeavor to descried nature.
However, we had only 45 minutes class so we just learned a basic concept of this theory. However, | would
like to know more. In Astroparticle physics class, we learned about Dark matter, the assumption of its
interaction and the hope to detect it. It seemed so far from my knowledge so | did not believe willingly that
the theories are correct. Moreover, in antimatter class, it was also very fun. We learned about anti-hydrogen
and its application. | felt very interested and | thought that we can apply some theories or models to study
the interaction of it with bio-tissues at high energy level which is the important concept for a cancer
treatment. | would like to know more about this field because | want adapt my thesis able to use high-energy
physics in biological system. In the afternoon, | went to my office and edited code for data analysis to study
in more details about the relation between top and anti-top mass and their transverse momentum at each
calculated level. Around 3:00 pm, my building had no power. | surprised. So | went to Phat’s office and
worked. Then | went bake to the hostel and had dinner. At 8:00 pm | went back to CERN again, | worked on
my research and went to the last summer student party at 11:00 pm. It also was fun. @ @ | went to my room

at 1:00 am of the next day.
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9 August 2013

Today we had the closing lecture at 10:15 am. | got up at 9:30 am it was later than normal day A A, |
went to lecture in time. The lecture was LHC, ATLAS, CMS etc. past, present and some perspectives. It was
nice. In class, some of summer students dressed in Toga suite as shown in figure following asking on CERN
summer students group on facebook. It was amazing. Then we had lunch and went to my office. | discussed
results and prepared my presentation file for group meeting. At 2:30 pm P’Phat appointed me, Siew Yan met
his boss. He introduced his research group which works on dark-matter and extra-dimension physics in order
to persuade us joining for doing the thesis in master degree. | was interested but | should think about it a lot
because this was good opportunity which can change my plan in the future. At 4:00 pm | went to my group
meeting. | discussed results. we have important problem to solve: why do top and anti-top mass at generated
level depend on traverse momentum? Around 6:30 pm we went to Geneva lakefront, we loafed at Geneve
festival and played player. It was very fun but | was so tired. | went back to the tram station around 11:50
pm. We miss the last tram which go to CERN. So we got in another tram and walked around 2-3 kms to CERN.
We arrived CERN at 0:50 am of the next day, we miss Y-bus again.TT! so we went to P’Phat’s office. We
planned for weekend trip and worked. We went back to the hostel by a night-bus which did not pass my
hostel but it stopped at Carrefour. | had to walk back to my hostel. | was so tried. Today was chaotic day but

it made me have experience.

10 August 2013

This was Saturday but | had to get up at 6:30 am and had breakfast. Because we consisting of P’Phat,
Siew Yan and | planned to travel Bern and Biel. We arrived Bern around 10:00 am. | loafed in downtown,
visited Einstein house. It was good. Then we went to see bears which are the symbol of this city and went to
the viewpoint of city. Bern was very beautiful city and peaceful especially at Bern Minster church where is the
last place we visited. Then 2:00 pm we went to the next city, Biel. We did not have an exact plan for this city
so firstly we went to the tourism information to get places we should go. We went to Taubenloch gorge. Next
place we went to see landscape of Biel lake. They was nice. Around 8:00 pm we arrived Geneva airport. We
bought food and had dinner then we went to Geneva lakefront. Today is the last day of Geneva festival so

grand fireworks were displayed at 10:00 pm. It was very beautiful and spanned 1 hr. Today was nice day.
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11 August 2013

My dream became true, we were going to see Matterhorn which is beautiful place and locate in
Zermatt. We went to a train station at 7:45 am in order to take a train to Zermatt. The distant between
Geneva and Zermatt was very far so it took about 4 hours. Frist two hours on train | slept to change my
energy from yesterday trip. Along way to Zermatt was very nice landscape. A cloud soared though Mountain
with the blue sky. | felt everything was beautiful. About 12:00 am we arrived Zermatt, we met Tua and his
friend named Turbo following appointment. We just knew that we had Swiss parade at Zermatt. Many
peoples dressed in Swiss suite. It made city look difference like we walked in the old Swiss city. | loved it. At
13:36 | took a train to Gornergrat which was the point view to see the beautiful of Matterhorn. When we
arrived, we had discovered the beautiful of nature at 3100 km from see level. The temperature was around
12-15 C°. We felt low oxygen concentration. | took many photos then went back to a previous train station in
order to hike around 2 hr. | loved this place. Around 17:35. | arrived train station that was our destination in
order to take train back to Zermatt. Nevertheless, the unexpected story happened we missed the train. So we
had to wait 30 minutes approximately to get in next train. It made Turbo concern about missing his train to ¢o
Germany tonight. Because he had just 1 minute to change train line at Zermatt station. So we planned to run
when we arrived Zermatt. Fortuitously we had arrived before the next train departed 4 minutes. However, we

ran to the next train. We got in train in time. Wow! This was very good trip.
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12 August 2013
This was the seventh week at CERN, | intended this week we have to work hard in order to close my

project. | went to my office early. All day | wrote codes to study the effect of transverse momentum of Top
anti-Top system. At 5:30 pm | had finished debugging and sent jobs to Grid. Around 6:00 pm | went back to
the hostel and went to Carrefour. | cooked for dinner and tomorrow lunch and had dinner. | went to CERN
again in order to work and buy online train tickets for going Paris and accommodate hostel for long trip after

the end of this camp.

13 August 2013

In the morning, we had presentation session in auditorium. Many summer students which registered
in time got opportunity to present their project. Their presentations was interesting and various topics. At the
same time, | worked on my research and so | selected some topics that | was interested to be intend listen.
In afternoon, | also did my works and prepared a presentation file to sum up results. At 5:00 pm | dated
Pedro and Juerg to discuss our results and next works | should do. | had to summarize my project and
prepare presentation file for the next Monday which is the day | am going to present in CMG meeting. Pedro
told me about main works: firstly, | should prepare my presentation, Secondly we have to focus on main
results for presentation and analysis some evidences that support main results. At 6:00 pm | went back to my
hostel, cooked for dinner and tomorrow lunch. At 7:30 pm | went to CERN at work again. | finished code to
count a number of gluon decaying from bottom quark before hadronization. | also had many work to do

tomorrow.
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14 August 2013

This morning we had the second of presentation session, | went to this activity. It also was interesting.
Because | had to work a lot, | prepared my slide at the same time. In afternoon, | also worked: | studied the
competitive of UE tuning in top mass distribution as function of each variable especially the number of gluon.
At 4:00 pm | visited the Anti-matter department which was the place we created anti-hydrogen. | visited
accelerator for accelerate anti-proton and various experiments. They were very interesting. | went to the
hostel at 5:45 pm for dinner and went back to CERN again to work. Tonight, | discussed the difference of

results in each tuning. Fighting!

15 August 2013

Today was so busy. In the moming, | attended the last presentation session. However, | did not
intend listening my friends’ presentation because | had to prepare my slide in order to send the draft to
advisers. | had lunch with my leftover. Then | went quickly to my office and prepared my slide continually. At
2:00 pm | had finished my draft and sent it. Then | visited LEIR/LINAC and the computer center. My visiting
places were nice but the guide could not answer many questions. | saw the H, source which was ionized and

accelerated at LINAC and saw Grid which was the computer system that is running my jobs and managing
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everything in the computer world at CERN. At 4:00 pm | went back to P’Phat’s office and worked. Around
4:30 pm | appointed Juerg. He suggested me many points in my slide. Then At 5:00 pm We met Pedro and
Benjamin. We discussed around 1 hour. | had walked to the bus stop in order to go to the hostel for dinner.
But | missed bus, so | had to walk back and had dinner at the restaurant. At 7:00 pm | went to the library and
have edited my slide until now. This time is 12:36 am of the next day. | will change my OS to prepare some
graphs.

16 August 2013

In the morning, | visited ALTAS at 9:30 to 10:30 am. It was a very big detector which bigger than CMS.
| also took many photos. Then | went to CMG meeting in order to see my summer students presenting their
projects and prepare myself for this meeting. Many peoples asked questions during presentation. It was nice
because it made sure that you did not loss audiences. However, | thought that it is hard for me to answer
question and present in the same time. | will practice more. The meeting was late so | had lunch at 1 pm
then | also edited my slides. At 2 pm | went to rehearse my presentation with Pedro, Juerg and Benjamin. It
spanned 2 hours they suggested me slide by slide. | felt grateful. Then we also stayed in the same room. We
had Top meeting. This was good opportunity for me. | listened the plan for top mass analysis. A A At 5:45 pm
| went back to my hostel and had dinner. Around 7 pm | went to CERN Llibrary to do my work: edited some

plot for my slides. Fighting!
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17 August 2013

| got up late. | washed and then | went to Carrefour in order to buy some ingredients. | cooked for
lunch and dinner. | had lunch at 1 pm. This afternoon | did my work: preparing slide and waiting new results
which were more resolution than previous histograms. At 17:00 my slide had finished. | sent it to supervisors.
Then | made a decision that | had to go to see the sunset at Montreux so | planned. | had dinner at 5:30 pm.
After that | went to Montreux. It used 2 hours from my hostel to Montreux. Wowl! | saw a nice landscape. |
rambled along lakefront and took many photos. This was a great time. | arrived my hostel around 11 pm. | got
e-mail from Pedro about my slides. | had to edit some parts. | decieded to do it tomorrow. So | had free time,
| beautified my photos took at Montreux and uploaded to my Facebook. | am going to watch movie and go
to bed. Work hard play hard!

18 August 2013

This was Sunday. | also got up late. | had lunch with leftovers from last diner. In afternoon, | had
edited my slides and | uploaded my slide to agenda link. In the evening, | had dinner and | am practicing my
presentation. Fighting! Practice make prefect.
19 August 2013

Eventually the last week of summer student program arrived, time still is fast although | try to
increase my speed. Today | had to present my project that | had started since 1 July. Title of my project
changed from “Search for extreme Non-Perturbative QCD distortions of the Top quark width” into “Study Top
and Anti-Top mass difference”. This indicated that | could not work following the plan. Moreover, my
expectation that | would learn more the theoretical modern physics, it looked not success. | still have to
learn more. T_T However, | tried to do it best. In the morning, at 9:30 am | went to 40 building in order to
rehearse finally presentation and edited my slides. | would like to thank my supervisors for their suggestions.
Time | had awaited was coming, at 11:00 pm | presented my projects in CMG meeting. It was a good.
Audiences understand in my work. Yeah! | could do it. | felt my accomplishment although it did not finish. So
we went to restaurant and had lunch. In the afternoon, | wrote my final report. At 17:00 P’Phat asked us to
go to the department store. We went to shopping then we went back to CERN, | had dinner and worked at

the library: | analyzed some results which had done last week for example, number of gluons and energy of
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gluons. Moreover, | tried to know more about my projects, so | am reviewing literatures concerned with Top
mass difference, Top and Top width.

20 August 2013

In the morning, | went to CERN at 9:30 am. | wrote my final report in introduction and setup sections.
At 12:30 am | had lunch. Then | went back to my office in order to finish the setup section of the report and
sent this draft to my supervisors. At 2:00 pm | visited superconducting magnet facility (SM18) which was
interesting. Then | went to my office and wrote my report. At 17:15 pm | went to took photo where the web
was born. Then | went back to the hostel in order to cook. This evening, some of summer students appointed
to go to Pont de La Junction where a confluence of Rhone and Arve rivers was. This was very nice place. We
picnicked at here. Then we went to bridge crossing rivers in order to see the color difference of two rivers.
Because we had not planned to cross bridge before. So we loss. We used a long time to go there we
therefore could not see sunshine. Y_Y However, it also was very beautiful landscape. {Hidden part-Adventure
in the night} A | went back to the hostel at 11:00 am | was so tried. | ot e-mail from Pedro about my report,
he had many comments. | will edit it tomorrow.

21 August 2013

In the morning, | went to CERN at 9:00 pm. All day was work-time; | edited my final report according

to Pedro’s comments and wrote my report in results and discussion sections. It had finished at 4:30 pm. Then
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we consisting of P’Phat, Siew Yan and me went to Geneva downtown for shopping. | bought many survivors
for my family. A A At 7 pm we went back to CERN, had dinner and worked again. Tonight, | re-analyzed some
plots in order to observer the UE tune dependency on b-radiation. | went back to my room at 10:30 pm. | am

going to see movie.

22 August 2013

I woke up late. | went to my office at 10 am. | edited my report. Around 11 am | conferred with Juerg
about my report and my work. | would like to study in the detail of b radiation. He told me if you want to do
you can do. At 12:30 am | went to had lunch at the restaurant 2. It was first time of me because this
restaurant was so far from my office. However, it was good restaurant. We could see the backside of CERN
which was the vineyard. It was very nice landscape. | was very happy. At 1:30 pm | went to meet Pedro and
Juerg to talk about my report. All afternoon, | edited my report. It had done at 5 pm and sent it to my
supervisors. Then | went back to my hostel for washing. At 7:30 pm | went to CERN in order to meet P’Nan

and Tua and had dinner at Thai restaurant in Geneva. A A it was nice time. | had to pick my baggage.

23 August 2013

This was the last day of CERN summer student program. In the morning, | had still edited my report
in some sections until 10:00 pm and sent it to my supervisors again. While | was waiting replying e-mail from
all supervisors, | planned my trip and thing to do before | depart from CERN. | had lunch at 12 am. In the
afternoon, | returned books, checked out my card, and got my fund. At 3 pm, | got e-mail from my all
supervisors. They had some comments so | edited my report last time. At 3:30 pm, | visited the GLOBE
because this was the last day and | had not visited it before. At 4 pm, | bought souvenir at CERN shop then at
4:30, | went to Ice-cream firewall with my friends and my supervisors. We conversed on many topics. | liked it
so much. At 5:45 pm, | went back to my hostel in order to keep my stuff. At 7:11 pm, | went to back CERN in
order to drop my baggage at P’Gai’s office. Around 8 pm | had dinner and conversed with P’Gai and P’Phat.
At 9 pm P’Phat and | worked again: this was my final work on this camp. | sent my final report to CERN
document system. Bravol Work have donell A A Then | printed tickets for long trip and planned the timetable

for tomorrow trip.



o

srgeruniIsidisInfanssudnd@nwintaggioutdsuy Ysed U 2556 |57

24-30 August 2013

Traveling is the experience that you have to learn by yourself.
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