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INTRODUCTION

Personalities

Your personality type is

Architect

INTJ-A
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Muon neutrinos are extremely light particles that
almost never interact with other particles. Every
second more than 100 trillion neutrinos pass through

your body and you don’t even notice them! Muon
neutrinos like to team up with muons.

444

Architects are imaginative and strategic thinkers, with a plan
for everything.
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EST) -> INFJ -> INTJ (9th July, 2024)
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MOTIVATION

Why we need numerical method?

® [maginary = Real
1
£ =——F, FW o =iff(x1)f(xz)|M ?d’P..d°P5*(P-p,-p,..-p,)
4 * 2s
:l}l_/Dl//;jl-hC M"""’<M+M_ |Hint |e+e—>+.”
ViV, - C.
+|D,¢ [y Not easy to calculate analytically...

|

We need numerical method!

Beautiful!

2024 KOREA-CERN SUMMER STUDENT PROGRAM 6 7/12/24



MOTIVATION

3 ways to integrate numerically

= |n the case of integration, the error reduces as...

= 0 (\/LN) for MonteCarlo integration

= 0 (ﬁ) for Trapezoidal integration

= 0 (%) for Simpson’s 1/3 rule

Number of points
100
200
300
400
500

Monte Carlo Result
1.61237 0.105907
1.66695 0.0513285
1.67652 0.0417618
1.69452 0.0237582
1.71341 0.00486871

Monte Carlo Error

1.71828
1.71828
1.71828
1.71828
1.71828

Trapezoidal Result
1.4319e-07
1.4319e-07
1.4319e-07
1.4319e-07
1.4319e-07
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Result of [ e* dx =e — 1~ 1.71828

Trapezoidal Error

7/12/24



MOTIVATION

Advantage of monte carlo

= But in MADGraph, it uses MonteCarlo integration!

= Why!? : MonteCarlo integration is independent of dimension.

= 0 (\/LN) for MonteCarlo integration

"0 (Nzl/n) for Trapezoidal integration > If n > 8, MonteCarlo integration is better than the others.
1 . ,
" O (5375) for Simpson’s 1/3 rule
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MONTECARLO INTEGRATION

Method

[ = J'Q f(J_C) )dn)‘c’ where O c Rn | Mone Crlo Estimation of Pi

= V=], d"X :Volume
= For given N samples, x{, X5, ..., Xy € Q,

|74 » -
| ~ — ZN 1f(xl) = QN . N ° Insnd_eclrc_le

N ® Outside Circle

Example :
O =[-1,1]x[-1,1] c R?,

fry) = {1,ifx2+y2 <1

0, otherwise

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

4
Qn _ZN1f(x)"'7T "

pi = 3.1208
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MONTECARLO INTEGRATION

Prove of error estimation

Suppose ;s are i.i.d (independent and identically distributed).

Define Fourier transform of p(y) as

Define y; =V xf(x;), where V = [ d"x . Then d(k) = [ dy ek& = <y>)p(y)

Qy = K NG = Yitys+ -+ Yn Likewise, for Py (Qy),
N Dy (k)
Define p(y;) be the probability density function(pdf) of y;, = [ dy,---dyy e ( )1 = <y>+tyn - 2 p(yy) - plyy)
and Py (Qp) be the distribution of Qp, then [¢ ( )]N
1
Pyv(Qn) = J dyy - dy, p(y1) - p(yn)8(Qu — Nz)’i)
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MONTECARLO INTEGRATION

Prove of error estimation

By expansion,
k (K)o - <y>) k
— | = N = —
¢(N) Jdye p() TTER
Then,
k20-2 k3 N 2 2
dy(k) =1(1 ~ SN +0 e — g k70%/2N

By using inverse transform, we have
1 :
Py(Qn) = 5[ dk e= (@™ <>y (k)

k%0

Z_Idk ek(QN=<y>) o™ 2N
)

VN 1 N(QN_ <y >)°
\/_a o P 2072

2
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Taking N — oo, Py (Qp) approaches to

gaussian distribution with
o

On =
YN
Independent of dimension!
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TRAPEZOIDAL RULE

Method

N
/f me'” @) g,

k=1

b—a
= hEZ: [fla+ (= D) +fa+kh)]  where h=—

1 1 =
= h lgf(a) +2f0) + Y fla+ khy
k=1

2024 KOREA-CERN SUMMER STUDENT PROGRAM 13 7/12/24



TRAPEZOIDAL RULE

Prove of error estimation in |-D

Define

1 ap+t Suppose f''(x) is bounded,
() = 5tlfo) + flan+ 0] - [ fa)da e3¢ 5.6 OIS )l

It follows that

where h = D]_Va and ar =a+ (k—1)h. —f" (&) < f'(ar +t) < f1(8),
Then, (6t (&)t
dgrn 1 1 . ;) i (2)'
— = glflar) + flax + )]+ 5t fi(ar +8) = flar +1), Note that g, (0) = 0,4,/ (0) = 0,
2 . By integrating, we have

9k _ —t°f”(ak -l-t)- " 3 " 3
a2 2 e _ _ 1ot
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TRAPEZOIDAL RULE

Prove of error estimation in |-D and n-D

By summing, and take t = h, we have

fla) + f(b) =
5 -+ i (a—|—

k=1

f”(é)h3N< b—a
12 - N

- e 2

Conclusion :

+

F"()b -

a)’

b
b—a
error—/a f(z)dz — N T

k=1

For n-dimensional integration, we have to repeat the calculation n times, therefore
1

N2/n

error <
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fla) + f(b) = b—a " (R’ N
5 f(a+k N )] = =

12N?2
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SIMPSON'’S RULE

Method

P(x)=Ax*>+Bx+C

 x—ma—p) (= a)x - ) (= @)z — m)
=1 e ma=p T m—am—p O aE—m

By integrating (use integration by substitution),

p B _
J foodx J P(x)dx = ﬂT“ [f(a) ; 4f<“T+ﬂ) +f(ﬂ)‘

. : . 7%
_ X1
x2k—2 = Q, x2k—1 = m, ka = :8 ka 2 2k—1 XQk
_B -« h

= J 2 f)dx ~ = o) + 4fCep_y) + )]

Xok—2
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SIMPSON'’S RULE

Method

If we increase the number of slices,

NI2 N/2—-1

h
I@,b) » = | @) +fb) +4 ) foru ) +2 ) o)
k=1 k=1
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SIMPSON'’S RULE

Prove of error estimation in |-D

= Start with the simplest case : only two slices
2h

h
E=1-3(f,+4+f) = E = J'f(x)dx—g(fo+4fl +1,)
0

Where ka_Z - xO, ka_l - xl, ka - xZ, and
fo =) f1 = f(x1), f2 = f(x2)
Taylor expansion of f(x) about x = h is

fG) = fi+ (= h) O 4302+ 2= O 4 (xR D +O(e— kS

1 h3 1
—r_nf) 2l 13y L4 qa 5
£, f1 hflf +2h f} 6f1( +24h ]1( +O0(h)

f1 =f1
FomfanfO s i@ P L L 4 om)s
2 1 1 2" 61 24 1
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SIMPSON'’S RULE

Prove of error estimation in |-D

h 2h
E=I-30o+41+f) =  E= [f)d-2(,+4f +£)
0

If we replace f(x) as above, we have
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SIMPSON'’S RULE

Prove of error estimation in |-D and n-D

Note that

1 .5 (4
E =-—
RO
for only two slices.

Now consider N slices, then
N

E[a,b] (IV) Z 21 1 E[a b] e 9_0 §ﬂ4)

i=1

180

Conclusion :

error « for n-dimensional

4/n
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|D NUMERICAL INTEGRATIONS

| D integration results

Integral of f(x) = x~4 -2x + 1 from 0 to 2

7 —— Trapezoidal Rule
—— Simpson's Rule
— MonF:e Carlo Integration 2 4 22
o Note that [~ x* — 2x + ldx = —
0 S
5 1 /\/\
£ o~
g%
g N = 2: Trapezoidal = 7.00, Simpson's = 4.67, Monte Carlo = -0.14
£ 31 N 5: Trapezoidal 4.82, Simpson's = 4.42, Monte Carlo = 2.42
N 10: Trapezoidal 4.51, Simpson's = 4.40, Monte Carlo = 4.40
5 ] N 20: Trapezoidal = 4.43, Simpson's = 4.40, Monte Carlo = 3.67
N 50: Trapezoidal 4.40, Simpson's = 4.40, Monte Carlo = 6.55
N 100: Trapezoidal = 4.40, Simpson's = 4.40, Monte Carlo = 4.25
11 N 200: Trapezoidal 4.40, Simpson's = 4.40, Monte Carlo = 5.02
N 500: Trapezoidal = 4.40, Simpson's = 4.40, Monte Carlo = 4.36
0 N = 1000: Trapezoidal = 4.40, Simpson's = 4.40, Monte Carlo = 4.47
10? 102 103

2024 KOREA-CERN SUMMER STUDENT PROGRAM 22 7/12/24



|D NUMERICAL INTEGRATIONS

| D integration results

Integral of f(x) = sin(x)*sinh(x) from 0 to 2

4.5 4

4.0 A

3.5 1

3.0 A

Integral Result

2.5 \

2.0

/;)2

—— Trapezoidal Rule
-~ Simpson's Rule
—— Monte Carlo Integration

|
sin x sinh xdx = —(sin(2) cosh(2) — cos(2) sinh(2)) ~ 2.4651

= 2: Trapezoidal = 2.64, Simpson's = 2.42, Monte Carlo = 2.88
= 5: Trapezoidal 2.49, Simpson's 2.46, Monte Carlo = 4.73
= 10: Trapezoidal = 2.47, Simpson's 2.47, Monte Carlo = 1.69
= 20: Trapezoidal 2.47, Simpson's 2.47, Monte Carlo 2.40
= 50: Trapezoidal = 2.47, Simpson's = 2.47, Monte Carlo = 1.90
= 100: Trapezoidal = 2.47, Simpson's 2.47, Monte Carlo = 2.47

2024 KOREA-CERN SUMMER STUDENT PROGRAM

= 200: Trapezoidal 2.47, Simpson's = 2.47, Monte Carlo = 2.54
= 500: Trapezoidal = 2.47, Simpson's = 2.47, Monte Carlo = 2.70
= 1000: Trapezoidal = 2.47, Simpson's = 2.47, Monte Carlo = 2.50

23 7/12/24



|0D NUMERICAL INTEGRATIONS

|0D integration results

1~
= oo ~ 0.00001693

. . . . Variation of Trapezoidal Rule Integration Result with n
Comparison of Montecarlo Integration and Analytical Integration P 9
—e— Trapezoidal rule integration result

le-5
° —e— Montecarlo integration result 051 ——- Analvtical intearal result
—==- Analytical integral result y g
2.2 .
0.4 4 Trapezoidal result:
Trapezoidal result:
Trapezoidal result:
i v :
3% =203 Trapezoidal result:
© p > .
= . Trapezoidal result:
© o
< 2.,
b [ A
£ 1381 £
L 0.1
1.6 1
b J
0.0 F—————————m—mmm e Me===== ° = *———
0.0 0.2 0.4 0.6 0.8 10 1.0 15 2.0 25 3.0 35 a0 as 5.0
Sample Size 1e6 Number of partitions (n)
24 7/12/24
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N-D NUMERICAL INTEGRATIONS

Implementation

We may numerically integrate the cross section such as ...

The master formula for 2 — N scattering is

1 N

— : 45(4) — A 2 — '
da_2sgdn,(2w)5 (pa+P5 ;pz) M| dIl; = SNCR)

with monte carlo integration.
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BRIEF INTRODUCTION TO MADGRAPH

What can we do with MADGraph?

r l/
- Q@ 0ppp N n N

Yy T= ~+ -
e
7 S
v
) /// Y //
+ A + w7/
(..\’.v_ / (/// + /°0/J'
s A / \
Z- diagram
2024 KOREA-CERN SUMMER STUDENT PROGRAM 27

q99Z ll—Z W'W Z

qq'W Ivw WWWW
998 888 8888
qah [l W W h ZZh

SU(3)xSU(2)xU (1) building blocks
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BRIEF INTRODUCTION TO MADGRAPH

What can we do with MADGraph?

d d~> u u~z WEIGHTED=4

"  We can draw possible Feynman diagrams very easily!!

= Example:dd - uiiZ

= After you run MADGraph, just type two lines:
= Generatedd~>uu~z

= Display diagrams

= MADGraph’s calculation is based on MonteCarlo
integration.

diagram 3 QCD=2, QED=1 diagram 4

2024 KOREA-CERN SUMMER STUDENT PROGRAM 28

diagram 1 QCD=2, QED=1 diagram 2

page 1/1

QCD=2, QED=1

QCD=2, QED=1
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BRIEF INTRODUCTION TO MADGRAPH

What can we do with MADGraph?

2 Datasets

= We can even see statistics about the process. 21 rum 0

e Sample consisting of: signal events.

. o Generated events: 10000 events.
" Example:p —p - yy
e Normalization to the luminosity: 1490785+ /- 4400 events.
[ ] Just type' e Ratio (event weight): 149 - warning: please generate more events (weight larger than 1)!
[ Impo rt model heft ; generate PP >a3a ; launch Path to the event file Nr. of events Cross section (pb) | Negative wgts (%)
PROFJ_heft_G/Events/run_Ol/— 10000 149 @ 0.3% 0.0
5 4 unweighted _events.lhe.gz
d~ a Dataset Integral S:l:;ies PE | Mean RMS % underflow | % overflow
run_01 1490784 1.0 43.0098 32.72
- T T T E
d S ]
II- 10° -
i E
E 10* =
d a z .
1 3 10° E
diagram 1 HIG=0, HIW=0, QCD=0, QED=2 50 100 150 200 250 300 350 400" 450 500

V5 (Gev)

Figure 3.
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BRIEF INTRODUCTION TO MADGRAPH

What can we do with MADGraph?

I
## INFORMATION FOR SMINPUTS
P
Block sminputs
= |t seems that we can modify parameters to 1 1.325070e+02 # aEWM1
2 1.166390e-05 # Gf
f|nd a hew ProceSS. 3 1.180000e-01 # aS (Note that Parameter not used if you use a PDF set)

HHHH R R
## INFORMATION FOR YUKAWA
A A A
Block yukawa

Ex:

- 5 4.200000e+00 # ymb
6 1.645000e+02 # ymt
m  https://cds.cern.ch/record/2791279/files/LHCC- 15 1.7770002+00 # ymtau
P-020.pdf : Technical Proposal for the milliQan S
## INFORMATION FOR DECAY
sub-detector e R e e e
DECAY 6 1.491500e+00 # WT
m  https://cds.cern.ch/record/2891837/files/|HEPO6( BEEQ\Y( ;i g-giigggﬂgg Z m
. e+
2022)114%20(3).pdf : The Effective Vector Boson DECAY 25 6.382339¢-03 # WH

DECAY 9000006 6.382339%e-03 # WH1

ApprOX|mat|on In helgh-energy muon CO”ISIOHS. ## Dependent parameters, given by model restrictions.

## Those values should be edited following the

## analytical expression. MG5 ignores those values

## but they are important for interfacing the output of MG5
I# to external program such as Pythia.
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BRIEF INTRODUCTION TO MADGRAPH

What can we do with MADGraph?

= ‘Heavy Higgs like’ particle decay simulation

#b
5 B T T T T T T T T T T T T T T T T T T T T —H
107 B | | E
10% N
£ s | |
S U FE E
3 E 3
£ C .
[
g C ]
[ - .
B
102 = -
101 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 2 4 6 8 10

# particles

X-sect = 6.717E-03(pb) AVG = 8.404E-04 RMS = 4.099E-02
Tot # Evts = 49979 Entries = 49979 Undersc= 0 Over

30000

20000

10000

7000

4t

l|||||||||||l||.

TIIII|IIII|IIII|

T T T | T T T T I T T T T T T T T T T T T

[ | T I I [ I | I B | T B

I|IIII|IIII|IIII‘

'lIlII|IIII|IIIl|

I

o —

2 4 6 8
# particles

10

X-sect = 6.717E-03(pb) AVG = 3.237E-01 RMS = 7.366E-01
Tot # Evts = 49979 Entries = 49979 Undersc= 0 Over

Preference in top-quark decay (H to qq~)

2024 KOREA-CERN SUMMER STUDENT PROGRAM
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# events/bin

5000 T T T T | T T T T | T T T T T T T T T T T T

IIII

1000
500

T IIIIIIII
1 II|IIII|

100
50

T IIIIIIII
1 II|IIII|

10

lllllll

1 1 1 1 I 1 1 1 1 | 1 1 Il 1 I 1 1 1 1 | 1
0 200 400 600 800 1000
mij

X-sect = 6.717E-03(pb) AVG = 5.030E+02 RMS = 7.856E+01
Tot # Evis = 49979 Entries = 28091 Undersc= 0 Over

= Mij~ 500 GeV > [25 GeV
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IF TIME ALLOWVS...

Q = ee wheree € R
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Scintillator

Photons
Conduction
‘band
Exciton[ é - f =
levels = == 5
|’ Activator IJI’
ergy \ levels [
. 21
/g Valence
Jband

33

Vo Vo

\/Mz \I?a

Tl

Photo
Cathode

V3

Dynodes Anodes
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IF TIME ALLOWVS...
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IF TIME ALLOWVS...

(IO N c
ch 0 Zile Edit View Options Tools Hel

pulse height, all channels combined, cut = height > 1000

16000

3800

14000

12000

3600

10000

3400

3200

IH|||I|III|II||III‘III|1|I|I

3000

3000 3500 4000
ZCtime1

[
It
[
J“‘
I
J—W
]

1 -
500 1000 1500 2000

2800

2600

2400

2200

2000

_IIII|III|III|III|III|III|III|III|III III|I

1800 [ T A T
0 500 1000

| I | | I | | I 1 1 1 I | 1 I | 1
1500 2000 2500 3000 3500 4000
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IF TIME ALLOWVS...

Pulse Area Distribution by LED (Module # 110)
N —== Epoch : 50000
——- Epoch : 100000 u S
-—- Epoch : 150000 1
—=- Epoch : 200000

—== Epoch : 250000 SZ

—== Epoch : 300000
Histogram Data

1200 4

59.67 + 3 pVs,
389.57 £+ 10 pVs

1000 A

800 A

) —— areal = 59.67
5 —— area2 = 124.64
S 600 —— Final Fit
400 - Pulse Area Distribution produced by Cd109 (Module #110)
= 22 keV ray corresponds to
4000 - —-=- Epoch : 50000
200 -

3500 1 . E?Sizgfaﬁmg Sz/ Sl= 653 i 037 PES

—— Final Fit, area = 389.57

20 40 60 80 3000
area (¢
2500 -
(]
c
>
S 2000 -

" Npg/ keV =0.29 £+ 0.02
< | : probability

1500 A

1000 A

500 4

0 -

0 200 400 600 800 1000
area (pVs)
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IF TIME ALLOWVS...

10°
107" 4
10—2 4
L
o
Il -
w L e T
10—3 4
mmm—======zzs —— SUBMET (Npor =5 x 102, b =50)
__--zZIDIZIIZIZEZCCC ——- SUBMET (Npor =5 x 1021, b = 450)
10-4 LoooooozzzzzE22 -=- SUBMET (Npor =5 x 107}, b = 450, £ = 50%)
= SLAC
Colliders
BEBC
Charm Il
ArgoNeuT
MilliQan demonstrator
107° T T
1072 107! 10° 10!
my [GeV/c?]
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THANK YOU!
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