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Monday: FeynRules
* Tuesday: MadGraph5@L0O
*\Wednesday: Matching/Merging

* Thursday: NLO
*Friday: Unleashed the tools
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Feb 2014 CMS Preliminary

$ 7 TeV CMS measurement (L <5.0b”)

¢ 8 TeV CMS measurement (L < 19.6fb™)
—7 TeV Theory prediction

—8 TeV Theory prediction
~CMS 95%CL limit
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Feb 2014 CMS Preliminary
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Standard Model Production Cross Section Measurements  cowe oy 2014
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Standard Model Production Cross Section Measurements  cowe oy 2014
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CMS

WW - o 1.11+0.11+0.04 4.9fb"
\ WW — * — 122+012+0.04 35fb"
(ATLAS

LHC pp Vs=7 TeV
WWI/| oo # B theory | II \ o
A data
- stat only

\ stat+syst 05 1 15
(COMBINE

¢ Both seems indicates a 15-20% excess

A A,

* Not significant at all

* Need more data / theoretical precision
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/SUSY [aike Explanation \

W+

8
\ Kim, Rolbleckl, sakurat, Tattersal [1406.025%]

/Com ressed Spectrum  M; ~ M. - \
P P t X
e Soft b/b~

= not observed

\ e evade direct searches constraints /
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(" Check the model!

e Monte-Carlo!
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/SUSY [aike Explanation \

205 GeV wr

5150 GeV

8
\ Kim, Rolbleckl, sakural, Tattersal [1406.0258]

/Compressed Spectrum  M; ~ M, + N\
e Soft b/b~

= not observed

K e evade direct searches constraints /
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|. An excess is discovered in data
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( Modelling Excesses N

|. An excess is discovered in data

2. Exhaust SM explanations for the excess
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( Modelling Excesses N

|. An excess is discovered in data

2. Exhaust SM explanations for the excess
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|. An excess is discovered in data

2. Exhaust SM explanations for the excess

3. Think of possible new physics explanations

= W/ithin or outside of conventional/high scale models
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( Modelling Excesses N

|. An excess is discovered in data

2. Exhaust SM explanations for the excess

3. Think of possible new physics explanations

= W/ithin or outside of conventional/high scale models

4. Find range of model parameters that can explain excess

= Typically, using Monte Carlo simulations
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/" Modelling Excesses N

|. An excess is discovered in data

2. Exhaust SM explanations for the excess

3. Think of possible new physics explanations

= W/ithin or outside of conventional/high scale models

4. Find range of model parameters that can explain excess
= Typically, using Monte Carlo simulations

5. Find other observables (collider as well as flavor/EVVP/
cosmology) where the explanation can be verified/falsified

= Note that indirect constraints (flavor/EVWWP/cosmology)
\_ typically modified by additional particles in the spectrum/
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Simulation of collider events




rham

University

B
W Du

What are the MC for”/
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~@>~  \What are the MC for?  wpum

| Hi,czh-Q2 Scattering 2. Parton Shower

= where new physics lies

s process dependent

= first principles description

¥ it can be systematically improved

3. Hadronization 4, Underlying__Event
. Mattelaerolivier ~ tund20z4 43




|. High-Q® Scattering 2. Parton Shower
N 1\
A, D B ©N
2 : 7% |
l' 5000 geess
§
\

= | e =
= QCD -"known physics”

& universal/ process independent
= first principles description

3. Hadronization 4. Underlying Event
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= universal/ process independent

= model-based description

3. Hadronization , 4. Underlying Event
 Mattelaerolivier ~ wwwda2024 45




. High-Q2 Scattering 2. Parton Shower

2 .
= low Q physics
& energy and process dependent

= model-based description

3. Hadronization A 4. Underlying Event
 Mattelaerolivier ~ wwmda20e4 16




5. Detector simulation

Mattelaer Olivier Lund 2014 17
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Gab—x (S, LF, UR)

Parton-level cross
section
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long distance :

fa(xlv IUF)fb(x% ,UF) &ab—>X(§a HE, ,UR)

Parton density Parton-level cross
functions section
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long distance :

Z /d$1d$2dq)FS folz1, pr) folze, ur) Gap—x (S, ur, LR)

a,b
’ Phase-space Parton density Parton-level cross

integral functions section




Hadron Colliders W Durha
C / dx1drod®ws fo(z1, ir) fo(T2, i) Gap—x (S, br, UR)

proton - (anti)proton cross sections
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At small x (small S), gluon domination.
At large x valence quarks

Parton densities
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For low mass, Tevatron backgrounds smaller



Back to the processes ot

proton - (anti)proton cross sections
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Back to the processes ot

proton - (anti)proton cross sections
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Back to the processes ot

proton - (anti)proton cross sections
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Back to the processes ot

proton - (anti)proton cross sections
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Matrix-Element W putam

/ Calculate a given process (e.g. gluino pair) I
*Determine the production mechanism

\SN\%

'l
/S/\%g%
1 3

diagram 1 D=2, QED am 2 QCD=2, QED=0

e Evaluate the matrix-element

‘M |2 =Need Feynman Rules!

*Ccross-section
1 2
- — dd
o 28/\/\/1\ (n)

\_ /




Matrix-Element W putam

/ Calculate a given process (e.g. gluino pair) I
*Determine the production mechanism
Easy
sl <
//M\ <1'.enough
e Evaluate the matrix-element (@ Hard
\M|2 =Need Feynman Rules!
ecross-section - xi?c'l
1 |
g — — / \M\Zd(b(n) (in general)
g 25 /




Matrix-Element W Durham

/ Calculate a given process (e.g. gluino pair) I
*Determine the production mechanism

e Evaluate the matrix- element \(‘,- Hard

- M| =Need Feynman Rules! K@ Next
o - ' Very
Cross secltlon - Hard
_ / \M\qu)(n) (in general)
\_ i /




T Matrix-Element W Durham

/“Calculate a given process (e.g. gluino pair) I
*Determine the production mechanism
Easy
sl <
//N\ <\'.enough
"« Evaluate the matrix-element Hard
k \M\Q =Need Feynman Rules! Next
| ecross-section - ﬁiﬁ
1 .
g — — / \M\Qd@(n) (in general)
| 28 K:I After




Vatrix Element W Durham

_ 2(5 Ipv (= v
M = e*(uy"v) ;’2 (vv"w)




Matrix Element

M= 62(1‘&7“?})9“” (07" u)

EZW‘Q Z/\/l M

pol pol
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Vatrix Element W Durham

M= 62(?17“@)9“” (07" u)

EZW\Q ZM M

pol pol

Zﬂu:pf—l—m

pol




Matrix Element

M = e? (ﬂv“v) i

pol pol

3
pol

—Trpiy" gy 1T P37, a7 ]

> (07 u)

T3 IMP = ZMM

" Durham

versity

Zﬂu:pf—l-m




Vatrix Element W Durham

M= 62(?17“@)9“" (07" u)

%ZW\Q Z/\/l M

pol pol
Z uu =y+m
’ pol
64
4—q4T7“[VW“ZfﬂV]T"“[%%m%]
Se?

— |(p1.p3)(p2.pa) + (P1-P4a)(P2-p3)]




Matrix Element W Durham

M= 62(?17“@)9“" (07" u)

1
12 M7= Z/\/l M

pol pol
3 Z uu =yg+m
pol
>
4—q4Tfr Y P )T sy ey ]
e

= q_4 (p1-p3)(p2-pa) + (p1.-pa)(p2-p3)]
Very Efficient !!!




Matrix Element W Durham

M= 62(?17“@)9“" (07"u)

L IME = > MM

pol pol
Z uu =y +m
3 pol
64
+ 4—q4T7“ [pﬁ’Y'uZ?@VV]TT [ﬂB,yHZjLL,yV]
e

= q_4 (p1-p3)(p2-pa) + (p1-pa)(P2.P3)]

Very Efficient !!!
Only for 2—2 and 2—3



Matrix Element W Durham

M= 62(?17“@)9“" (07" u)

EZW‘Q Z/\/l M

pol pol

Zﬂu:p/—l—m

pol

=>»> Ty ey’ | Tr Py sy

= 8qi4 (p1-p3)(p2-pa) + (p1-pa)(P2.P3)]

3

Very Efficient !!!
Only for 2—2 and 2—3

Because the number of terms rises as V2
- Mattelaeroliviee ~ wuwd2024 23
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(ldea

e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72

= Loop on Helicity and average the results

~

4

M = (ﬂefy“v)g;; (Ve u)

AN
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M= @er) 5 Qe @)

Numbers for given helicity and momenta

University
(ldea . . h
e Evaluate 7 for fixed helicity of external particles
= Multiply 7 with %¢* -> |7 |72
= Loop on Helicity and average the results Y
4 ~
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(ldea . . h
e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72

4

\_ = [Loop on Hellclty and average the results )
\

M= @er) 5 Qe @)

Numbers for given helicity and momenta

Lines present in the
code.

- J
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\

(ldea . .
e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72
= Loop on Helicity and average the results Y
\

M= @er) 5 Qe @)

Numbers for given helicity and momenta

o

4

~ U1 = fet(pr,ma) Dol
o . _ W xlP) X
Uz = :;Ctgp??m?; u(p) ( wx (P)xa(P) )
. . Vg = ct _’3,m3 |
Lines present in the o B w4 (p) = \/E + |5].
code. g = fet(Pa, ma) 1 5]+ ps
B = V2p1(1p] + p:) ( Pm“ﬂf’v)’

x-{7) = x/2|13'|(lf31+pz)( 71+ - )'/

-
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(ldea . . h
e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72

4

\_ = [Loop on Hellclty and average the results )
\

M= @er) 5 Qe @)

Numbers for given helicity and momenta

Lines present in the
code.

- J
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(ldea . . h
e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72

N = Loop on Helicity and average the results

AN

Numbers for given helicity and momenta

Calculate propagator wavefunctions

( 17m1)

(_)27 m2)

Lines present in the vs = fet(ps, ms)
code. ug = fct(pa, ma)

- J
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(ldea A
e Evaluate 7 for fixed helicity of external particles

= Multiply 7 with %¢* -> |7 |72

\_ = [Loop on Hellclty and average the results )
\

Numbers for given helicity and momenta

Calculate propagator wavefunctions

Finally evaluate amplitude (c-number)
P1,m1

)
P2, m3)
m3)

fct
fct
fct

Lines present in the
code. Ug = fCt P4,
W (’Ul,’U/Q,ma,Fa)
M fCt(Ug, U4, )
N /

(P
fet(p
(P
(P, M)




Real case Pt

mw Known
~
M1
Number of routines: 0 Number of routines: (
\_ VAN /
"Number of routines for both:( h
_ (M|? = | My + M| y




> Real case Pt

mw Known
~
M1 ’
Number of routines: | Number of routines: (
\_ VAN /
"Number of routines for both: | h
_ (M|? = | My + M| y




D Real case W Durham

|dentical = Known
~
M1 ’
Number of routines: | Number of routines:; |
\_ VAN /
"Number of routines for both: | h
L (M|? = | My + M| )




@ Realcase ¥

mw Known
C )
| M
Number of routines: 6 Number of routines: 6
\_ VAN /
"Number of routines for both: 6 h
L [MJ* = |My + M, )




@ Realcase ¥

mw Known
C )
| M
Number of routines: 7 Number of routines: 6
\_ VAN /
"Number of routines for both:7 h
L [MJ* = |My + M, )
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Real case
mm Known
|ldentical
, 6 )

M1
Number of routines: 7
\_

Number of routines: 7

/

\

/

o

"Number of routines for both:7

M|? = |M; + M|

N

/




@ Realcase ¥

ldentical ™ Known
~
M1
Number of routines: 8 Number of routines: 8
\_ VAN /
"Number of routines for both:8 h
\_ ‘M|2: |M1_|—M2|2 )




@ Realcase ¥

mw Known
C )
| M
Number of routines: 9 Number of routines: 8
\_ VAN /
"Number of routines for both:9 h
L [MJ* = |My + M, )




@ Realcase ¥

mw Known
C )
| M
Number of routines: |10 Number of routines: 8
\_ VAN Y,
"Number of routines for both: |0 h
L [MJ* = |My + M, )
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mw Known
C )
| M1
Number of routines: |10 Number of routines: 9
\_ VAN /
"Number of routines for both: | | h
L [MJ* = |My + M, )
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mw Known
2 N
| M1
Number of routines: |10 Number of routines: |0
\_ VAN /
"Number of routines for both: |2 A
L (M|® = |My + Msf* y




Real case W Durham

mw Known
, N
| M1
Number of routines: |10 Number of routines: |0
_ 2(N+1)) 2(N+1),
"Number of routines for both: |2 A
L (M|® = |My + Msf* y




Real case W Durham

mw Known
~
Number of routines: | Q Number of routines: |0
\ 2(N+1) L 2(N+1)
"Number of routines for both: | 2 A
\___ NF2(N+1) — N! Y,




Real case W Durham

mm Known
~
Number of routines: | Q Number of routines: |0
\ 2(N+1) L 2(N+1)
"Number of routines for both: |2 h
L NI*2(N+1) —» NI recursion | N Y




Helicity amplitudes
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* Thanks to new diagram generation algorithm, wt

recycling much more ethicient in MG5 than MGA4

Wavefunctions

Run time

Process Amplitudes NG AT MG | MG 1 NG T
utt — et e 2 6 6 < 6us < Gus
utt = ete"ete I8 62 32 0.22 ms | 0.14 ms
Qm —ete ete ete” 3474 3194 301 | 46.5 ms | 19.0 ms)
wi — dd 1 D D < 4pus < 4pus
uii — ddg D 11 11 27 ps 27 ps
uii — ddgg 38 A7 29 0.42 ms | 0.31 ms
wit — ddggg 393 355 122 | 10.8 ms | 6.75 ms
Ut — uigqg 76 84 40 1.24 ms | 0.80 ms
uit — uigqgq 786 682 174 35.7ms | 17.2 ms
wtt — dddd 14 28 19 84 ps 83 us
uit — ddddg 132 178 65 1.88 ms | 1.15 ms
utt — ddddggq 1590 1782 286 141 ms | 34.4 ms
( wit — dddddd 612 708 141 425 ms | 6.6 ms)

Time for matrix element evaluation on a Sony Vaio TZ laptop

no recycling

300,000

5500
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[
Up = fCt( _)1, m) up = fCt(ﬁla m)
vy = fct(pa, m) vy = fet(pa, m)
Uz = fCt( D3, m) uz = fCt(ﬁ?n m)
vy = fct(ps, m) vy = fct(py, m)
Wa — fCt(ﬂlav27Ma7Fa) Wa — fCt(ﬂ17v27Ma7Fa)
\ M = fCt(/L_lBa Uy, Wa) / \ M = fCt(ﬂ’Sv Uy, Wa) /
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* Original HELicity Amplitude Subroutine library

[Murayama, Watanabe, Hagiwara]




HEL AS W Durham

4 )

* Original HELicity Amplitude Subroutine library

[Murayama, Watanabe, Hagiwara]

* One routine by Lorentz structure
= MSSM [cho, al] hep-ph/0601063 (2006)
= HEFT [Frederix] (2007)

=Spin 2 [Hagiwara, al] 0805.2554 (2008)

_ =Spin 3/2 [Mawatari, al] 1101.1289 (2011) Y,




HEL AS W Durham

4 )

* Original HELicity Amplitude Subroutine library

[Murayama, Watanabe, Hagiwara]

* One routine by Lorentz structure
= MSSM [cho, al] hep-ph/0601063 (2006)
= HEFT [Frederix] (2007)

=Spin 2 [Hagiwara, al] 0805.2554 (2008)

_ =Spin 3/2 [Mawatari, al] 1101.1289 (2011) Y,

Chiral Perturbation BNV Model

SLIH
Effective Field Theory NMSSM

Chromo-magnetic
Full HEFT operator Black Holes
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ALOHA

me:[ UFO ﬂ 1 To Helicity  Translate

Type text or a website address or translate a document.

FORTRAN 77
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- ALOHA

me:[ UFO ﬂ 1 To Helicity Tranﬁlate|

Basically, any new operator can be handle by
MG5/Pythia8 out of the box!

Type text or a website address or translate a document.

covre

PYTHON

P" QO ',"CHY\H\H\C’

FORTRAN 77

- — . ot P A

I Rk

WESLEY J. CHUN




ALOHA DETAIL W Qi

FFV1 = Lorentz(name = 'FFV1',

I”pUt spins = [ 2, 2, 3 ],

structure = 'Gamma(3,2,1)")

This File is Automatically generated by ALOHA
The process calculated in this file is:
Gamma{3,2,1)

Output

vp 0 [ o (2 o

SUBROUTINE FFVL_B(F1,F2,Y3,C,VERTEX)
IMPLICIT NONE

DOUBLE COMPLEX F1(6)

DOUBLE COMPLEX F2(6)

DOUBLE COMPLEX Y3(6)

DOUBLE COMPLEX

DOUBLE COMPLEX VERT!

VERTEX = C*{ {F2{1)y*{ (FL{3y*{ (B, -1)3{1)+{B, 1*3{4)))
8 +(FL(4( (B, 1W3(2)+V3(3)))))+( (F2(2)*{ (FL{3)*( (8, 1)
§MI(2)-V3(3))+(FL{4)*( (B, -1)¥W3{1)+(B, -1%3(4)))))

§ o+ (F203*( (FLQ*( (B, -1)W3(1)+(8, -1)*3(4)))+(F1(2)
§*( (B, -1)3(2)-V3(3))) )+ (F2(a)x( (FL(1)*( (B, -1%3(2)
§ 303+ (FL(2)*( (B, -1W3(1)+(B, 1)%3(4))))))))

END



(D AL OHA W Durham

(. Compute those Function Analytically A

e Code in Python
e Can handle
= all spin up to 2
= custom propagator
= majorana (but in 4 fermion operator)
= Any dimensional operator
* Only use in MadGraph5_aMC@NLO

 Plan to have similar tools for the other
_ generator

/




Monte Carlo Integration
and Generation
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—e>~ Monte Larlo Integration as

! N

Calculations of cross section or decay widths involve
integrations over high-dimension phase space of very
peaked functions:

_ 1 ,
- zs/W\ d®(n)




~@-~ Monte Carlo Integration ¥t

4 N

Calculations of cross section or decay widths involve
integrations over high-dimension phase space of very
peaked functions:

Dim|®(n)] ~ 3n

| , "4
;= Q—S/w\ 4 (n)




~@~ Monte Carlo Integration et

4 N

Calculations of cross section or decay widths involve
integrations over high-dimension phase space of very
peaked functions:

Dim|®(n)] ~ 3n

| , "4
;= Q—S/w\ 4 (n)

General and flexible method is needed




Integration
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PEIA
°-- =

172

re

mwv

~N
/dazC




Integration W Dutan

4 )
/ dx C
V=Vy=0
\ 172 M rr2 2 1/
"Method of evaluation )

® MonteCarlo
® Trapezium 1 / N

o

_ ® Simpson




Integration ¥Rtz

4 I
/ dx C
" V=Vy=0
\ I -ul_'s- e | T M TR ¢ o - " " ij
_simpson  MC Method of evaluation A
3 0638 ____________ 03 _____________ e MonteCarlo
5 ______________________ O 6367 ____________ 08 ............. ® Trapezium ]_/N2
20 063662 | 06 .
S A S — ® Simpson
____________ 100 | 0636619 065 /
1000 | 0.636619  0.636
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Integration W Riha
4 N
/ dx C

® MonteCarlo

® Trapezium

< ® Simpson

"Method of evaluation

1/N?

More Dimension

#

<

1/N4/d

/




Integration
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PE)A
D-. R

~N
/dazC
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Y4

v ¥

AN




Integration

A
¥ Durham

University

PE)A
D-. R

~N
/dazC

re

mw

Y4

v ¥

AN




Integration ¥ R
! [we
V="Vy=0
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4 » )
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Integration W Durham
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/da;' C

PE)A
D-. = =

mw

re

N/
AN

?

qminimized!

s ; 12 M
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Importance sampling  #outn

= ™

Iy = 0.637 £ 0.307/V/N
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Importance sampling  #outn

= N ~
?
&2 ;-cos Tx[€]
? - J& dg 1—x[£]?
\IN:O.63710.3()7/\/N JAN y




Importance sampling  #outn

= N N
?
&2 gp/cos Tx[E]
=
In = 0.637 +0.307/VN

" J Y,




Importance sampling  #outn

- N “
? —> ?
_ (&2 jpcos S x[E]
=
In = 0.637 +0.307/VN

\_ AN J




Importance sampling  #outn

- N “
? —> ?
_ (&2 jpcos S x[E]
=
In = 0.637 +0.307/VN

\_ AN J




@ Importance sampling ot

Univ cml

= N N\

> dgc:fswaz[f]

—

In = 0.637 £0.307/V/N

\_ L J

\
The Phase-Space parametrization is important to have an

efficient computation!
N\ P y
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Importance Sampling ~ ¥eue
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2 2
q- — M
= t
A & = arctan ( v, )
\_ J




Importance Sampling ~ ¥eue

(s , A
2 2
q- — M
= t
p & = arctan ( v, )




Importance Sampling e

(o , I
2 2
_ ¢ — M
el & = arctan ( Y )
\_ TR >

(" Why Importance Sampling?

/\

Probability of using
that point p(x)




Importance Sampling e

(s , )
2 2
q- — M
— arct
el & = arctan ( - )

\ 172 M rr2 ¢
(" Why Importance Sampling?

PEIA

Probability of using
that point p(x)




~~Apd~

. A8
lmportance Sampling ¥
ﬁgf’:: \
?
" & = arctan (qZP_]\‘;WQ) 'l'v"l \w~ / \'n'l'
| 1 |
| . |
> | O A 'm.
\ S o - " Cio ~0.5 0.5 1.0 ‘/
() Why Importance Sampling? h
*
Probability of using
that point p(x)
s

g the function is done where the function is the largest!

\
The change of variable ensure that the evaluation of




Importance Sampling ot

/Kev Point h

*Generate the random point in a distribution
which is close to the function to integrate.

*This is a change of variable, such that the
function is flatter in this new variable.

*Needs to know an approximate function.

. y,
( Adaptative Monte-Carlo )
*Create an approximation of the function on
L the flight! )
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( Adaptative Monte-Carlo h
*Create an approximation of the function on
iaht!
L the flight! ,
(Algorithm h

1. Creates bin such that
each of them have the
same contribution.

=Many bins where the
function is large

2. Use the approximate
for the importance
sampling method.

\_ J
. Mattelaerolivier ~ wwwda20t4 a1




VEGAS W Durham

More than one Dimension )
*VEGAS works only with 1(few) dimension

=memory problem




VEGAS W Durham

More than one Dimension A
*VEGAS works only with 1(few) dimension

=memory problem

\_ Y,

(Solution A
*Use projection on the axis

_ P(X)= P(X)*P(y)*P(2)... ,




D VEGAS W Durham

More than one Dimension A
*VEGAS works only with 1(few) dimension

=memory problem

o

(Solution
*Use projection on the axis

AN

P(X)= p(X)*P(y)*p(2)- .-




VEGAS W Durham

More than one Dimension A
*VEGAS works only with 1(few) dimension

=memory problem

g Y,
/Solution A
*Use projection on the axis
b X)— X)® °D(Z)...
L P(x)= P(X)*P(y)*P(2) ,
4 N

« We need to
ensure the
factorization !

= Additional
change of
variable

J




Multi-channel W Durham

What do we do if there is
no transformation that
aligns all integrand peaks
to the chosen axes?
Vegas is bound to fail!




Multi-channel W Durham

What do we do if there is
no transformation that
aligns all integrand peaks
to the chosen axes?
Vegas is bound to fail!

Solution: use different transformations = channels
n n
p(x) = aipi(z)  with > =1
i=1 i=1
with each pi(x) taking care of one “peak” at the time
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Example: QCD 2 = 2 ¥ubm

Three very different pole structures contributing
to the same matrix element.
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Multi-channel based on single diagrams™ WDurham

*Method used in MadGraph

Does a basis exist!?

S| M;|? 5 | M |2 5
M2 = / AT VANER / Mo
/ Zj Mj‘z Z Zj ‘Mj‘Q
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Multi-channel based on single diagrams™ WDurham

*Method used in MadGraph

Does a basis exist!?

S| M;|? 5 | M |2 5
M2 = / AT VANER / My
/ D | M2 Z > 1 M|
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Multi-channel based on single diagrams* WDurham

*Method used in MadGraph

Does a basis exist!?

/‘Mtot‘Q — / Z Mj‘Q‘Mtotlz — Z/E'_‘Mj|2‘MtOt‘2
J ' J

/ Key Idea \

— Any single diagram 1s “easy” to integrate (pole structures/
suitable integration variables known from the propagators)

— Divide integration into pieces, based on diagrams

\ — All other peaks taken care of by denominator sum /




. . . ] |
Multi-channel based on single diagrams* WDurham

*Method used in MadGraph

Does a basis exist!?
M2 M, 2 -

MO 2 _ Zz t MO 2 _ / l MO 2
/‘ tt‘ /Zg Mj‘z‘ tt| Z Zj |Mj|2‘ tt‘

/ Key Idea \

— Any single diagram 1s “easy” to integrate (pole structures/
suitable integration variables known from the propagators)

— Divide integration into pieces, based on diagrams

\ — All other peaks taken care of by denominator sum /

N Integral I

— Errors add in quadrature SO no extra cost

— “Weight” functions already calculated during |#/1? calculation

K — Parallel in nature /
 Mattelaer olivier ~ wwwda20t4 a7
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cvent generation Wpuham

|. pick x




cvent generation Wpuha

|. pick x

2. calculate f(x)




cvent generation Wpuha

|. pick x
2. calculate f(x)

3. pick 0<y<fmax

Weles oz o+




Event generation ¥

|. pick x
2. calculate f(x)

3. pick 0<y<fmax

4. Compare:
if f(x)>y accept event,




Event generation ¥

|. pick x
2. calculate f(x)

3. pick 0<y<fmax

4. Compare:
if f(x)>y accept event,

else reject it.




Event generation W Durham

|. pick x
2. calculate f(x)

3. pick 0<y<fmax

4. Compare:
if f(x)>y accept event,

else reject it.

accepted

|= = efficiency
total tries
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Event generation

What’s the difference between
weighted and unweighted?

Weighted:

Same # of events in areas of
phase space with very
different probabilities:
events must have different

weights




University
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Event generation

What’s the difference between
weighted and unweighted?

Unweighted:

# events is proportional to
the probability of areas of
phase space:

events have all the same
weight ("unweighted”)

Events distributed as in nature
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Event generation

Improved by combining with importance sampling:

|. pick x distributed as p(x)
2. calculate f(x) and p(x)
3. pick O<y<|

4. Compare:
if f(x)>y p(x) accept event,

else reject it.

much better efficiency!!!
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Event generation

MC gt

dO
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Event generation

MC gt

dO

" Durham
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5

e

=

HEEQ

O

&= @ance-Rej@
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dO
HE
o
&= @ance-RejectD

E

.

|

Event generator




Event generation

FI'!!H!!g!!!!Iﬂ

dO

] |
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E

e

|

UE

O

Event generator

&= @ance-Re]@

do

dO

A

M
e
PEEM
1
o
o O

O




Event generation

FIF!!H!!g!!!!Iﬂ

dO

" Durham

University

E

e

|

UE

O

Event generator

&= @ance-Re]@

do
dQO

A

M
e
PEEM
1
o
o

>

This is possible only if f(x)<oco AND has definite sign! O




Monte-Carlo Summary — ¥our
/" Bad Point N

e Slow Convergence (especially in low
number of Dimension

e Need to know the function

\_ eImpact on cut )




Monte-Carlo Summary — ¥eue
/" Bad Point ™

e Slow Convergence (especially in low
number of Dimension

e Need to know the function

\_ eImpact on cut

A\

/Good Point

*Complex area of Integration
eEasy Error estimate
equick estimation of the integral

*Possibility to have unweighted events

o /




What have we learned! wnume

z; /dl’ld@dq’Fs fa(z1, pr) fo(22, pF) Cab—x (8, pF, KR)

Phase-space Parton density Parton-level cross
integral functions section

* The Importance of PDF
=Defines the physics
eEvaluation of Matrix Element

= Numerical method faster than analytical
formula

= Use of Helicity Amplitude
*Phase Space Integration

= Need to know in advance what we
integrate. Be careful with strong cuts!



