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“Quarks and mesons? No border control? Mach 15 ;
Who the hell ARE these guys’?”

from “Angels and Demons”
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Exercises:

o Afew exercises will be gi\/en on the way

7S Mostlg borrowed from M. 5€3mour’s

Cern lessons...

o ... solutions can be found at

maclgraph.hep.uiuc.eclu/l\/\(]o}.nb

i NG04



Exercises:
MC 101 i

This 15 a set of solved exercises (borrowed from M. Seymour) for practising the basic notions of MonteCarlos.

m Write the simplest integration function based on the definition of average and error
m Apply an analytic transformation : importance sampling

m Von Neumann's rejection method : plain vanilla

m Von Neumann's rejection method : improved

m Dimensionality ofthe phase space of 1> n particles

m Useful functions

m Install Vegas

m Top decay

m 1l g2~ = tt~ production

m Representation ofthe grid in VEGAS. Each red square has the same area

send questions/ corrections to maltoni@ﬁs.uniroma§.it



RBasics: references

* M. Segmour, Cerr lectures,
l’]tt[:)://segmour.lﬂome.cern.ch/segmour/slides/CERN|ectures. html

9 Weinzierl, Introduction to MC methods,
hel:)—-Ph/OOOéZé?




Basics:

from i ntegration to event generation

Calculations of cross section or decag
widths involve integrations over hig]%
dimension Phase space of very complex

functions Dim[cb(n)] ~ 3n .
/ IM|2d®(n)

General and flexible method is needed
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S Convergence is slow but it can be estimated easilg

@ Error does not clePencl on # of dimensions!

I lml:)rovement 139 minimizing VN

= OPtimal/ldeal case: +(x)=C = V=0



lmPortance Sampling
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lmportance Sampling

but... you need to know too much about £(x)!

idea: learn during the run and build a stel:)~1cunction
approximation p(x) of () I:{> VEGAS

ME101

n.af

N many bins where (x)

\ IS Iarge

P(T) = Nyag» Ti— Az <z <z




lmportance Sampling

can be generalizecl to n dimensions:

pR)=p(ep(y)p@...
but the peaks of F(?i) need to be “alignecl” to the axis!

This is ok...




lmportance Sampling
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lmportance Sampling

can be generalizecl to n dimensions:

pR)=p(ep(y)p@...

but the peaks of F(?i) need to be “alignecl” to the axis!

but it is sutficient to make

= clﬁange of variables!




Multi-channel

In this case there is no
unique tranformation:

Vegas is bound to fail!

Solution: use ditferent transtormations= channels
Pl Z a; i () with Z ol ==
T il

with each pi (x) taking care of one “Peak” at the time
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Multi-channel

In this case there is no
unique tranformation:

Vegas is bound to fail!

Solution: use ditferent transtormations= channels

Pl — 2”: a;p; () with i oy ==l
i=1 i=1

Exercise: show that onlg VN clel:)encls on the o



Phase Space
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. ME104
Exercise: toP clecag
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XS .’iasg but non-trivial

* Breit-Wigner Peak |

to be “flattened” (¢ — miy)? + Ifymy,




1
miy )% + Tymiy,




MG
Exercise: toP clecag

|
t > \xb<v

« Fasy but non-trivial
&

o

Breit-Wigner Peak 1

to be “flattened - (q% —miy)? + Tymy,

o Choose the right “channel” for the

Phase 5lDaC<3<<\l/ or <<lb o <<bv £
b y |



Event generation

Alternative way

I Pic|< X
2. calculate ()
o Pick O<9<1Cma><

1 Coml:)are:

_ T Y A VI > ST E— i‘:]C(X> >g accept e\/ent)

accePte cJ else reject it

= = e‘fﬁciency
total tries

B, e
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Event generation

What's the difference?
before:

same # of events in areas
of Phase space with very
cligcrent Probabilities:

events must lﬁave

diferent wei ghts




Event generation

What's the difference?

enc fChk:

# events Is Proportional

to the Proaabilitg of

arcas O‘F P 1a5C SPBCC:

events ha\/e a” t‘ne same

weight (”unweigqtecl”)

Events distributed as in Nature




Event gcneration

ME161
Im P roved

1. Pic|< x distributed as P(x)
2. calculate £(x) and l:)(x)
3. Pick O<y=<l

1 Coml:)are:

it £ >y p (x) accept event,

else reject it

much better @Cﬁ'ciencgll!



Basics:

from i ntegration to event generation

MC i ntegrator

Q@Pta nce~Reje@ .

Cvent generator

i e This is Possible onlg iFF(x)<°° AND has definite signl



Basics:

from i ntegration to event generation

o take homc

i lntegrate s hard

Ve ntegration+ unweighting = Event generation -

D

=
Lo

Sl G

“NT event geﬂerator =

need to know how to integrate the x-section

VERY well



MIG101

Basics: Final Project

I. Consider gqg—tt

2. Build a MC for it
o Include your MC for toP clecays

4. Make Plots of the angular correlation

between the chargecl lel:)tons.
95 Calculate (or find ) the amplitucle for the

full process gqg—-tt—=b be+ e-vyv
and compare with tbc—; rc_as_ul_ts QF_PLo@n.t s e



Available Tools: references

e les Houches Guide Book to MC generators for Hadron
Collider Phgsics, hep—-l:)h /O40%045

o Linksand clescril:)tions of the codes at
httP://www.iPP >.dur.ac.uk/HEPCODE/

o Recenttalks bg Frixione, Mrenna, Schumann, Webber @
KEK 04 and Piccinini @ IFAE 04

o Several talks by M.L.Mangano (@ FNAL, CERN,
MC4LHC, IFAE, KEK)



Available Tools

XS Signiﬁcant progress in the last few
years, R&D still going on!

XS Man9 ditferent codes available

o Result: (not onlg} users are confused!



Available Tools

There is no

PERFECT-FOR-ALL-PURPOSES

MONSEEC ARG
but

You'l certainlg find one suitable to

HourneeAs!

You must know what you need!!
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Main classes of MC’s

2

& Parton Shower MC event generators

TS _Matrix~e|ement based MC event

generators

o MC@NLO

R S —— s e T it s R SRR e -
=



MC’s integrators

o Now used only for at least NLO calculations or
L)

analgtica”g resummed results

o Provide essential information on the

normalization of the cross section

o Produce distributions of any quantitg of interest

but not events (due to negati\/e weights)

The“cleanest” tools » theorists’ I ¢



MC’s integrators

* Inclusive apl:)roaclﬂ (NO EVENTS)

e Predictions are at Parton leve onlg. No

showering. hadronization or detector effects.
S

& Jets contain at most two Partons



MC’s integrators

XS Theg need a lot of manual work= progress IS

slow with onlg few codes available for “simple

Processes”

& |Insome cases special treatment of Particular
areas of Phase space gives an “improvecl”

Precliction (e.g. ResBos)



An experimenter’s wishlist

B Hadron collider cross-sections one would like to know at NLO
Run Il Monte Carlo Workshop, April 2001

Single boson

Diboson

Triboson

Heavy flavour

W+ <5
W+ bb+ < 35
W +4ce+ <35
Z + < 5j
Z +bb+ < 3j

L+cc+ < 3)
T+ 5]

74 bb+ < 3j
VA e+ = 3)

WW + < 55
WW + bb+ < 3j
WW + cé + < 3j
Z7Z + < 5j

ZZ +bb+ < 3j
2L +ecc+ < 35
vy + {—E 5 }

vy 4+ bb + < 37
4 ec + < 3_}'
WZ+ < 5j
WZ+bb+<3j
WZ+4cc+<3j
Wo+ <3
Zy + < 3j

WIWW + < 35 tt + < 35
WWW +bb+<37 ti++<2j
WWW 4y +<3] tHt+W+<2j

Zyy + <3
Wzz4+<3j
ZZ7 + < 3j

tt+ Z + < 2j
tt+ H + < 2j
th + < 2j
bb+ < 35

Mexi-ta-Leading Ordar QUD Toals: Stabus and Prospacts — p.




Theoretical status

B Much smaller jet multiplicities, some categories untouched

Single boson  Diboson Triboson Heavy flavour
W+ <2 WW + < 0j WWW + < 35 tt + < 03

W+bb+<0j WWHbb+<3] WWWHbb+<3j ti+-+<2]
WH+cc+<0j] WWaHee+<3] WWWH+-4+<3] tH+W+<2j
Z+ <29 £+ <1y Zon 4+ =3y 4+ Z4+<2y
Z4+bb+<0j ZZ4+bb+<3 WZZ4 <13 tt+H + <05

Z+ce+<0 ZZA4cc+<3j] ZZZ+ <3j th+ < 07
TH=1j <1 bb + < 05
v+ bbb+ < 33 4 bbb+ < 33
y+ec+<3) v+ +<3)

WZ+ < 0j

WZ +bb+ < 3

WZ+co+ < 3

?’T =0 4 several other results
¥+ < D.?

Mesil-to-Leading Order QCD Tools: Slales and Prospacis — p 13028




MC’s integrators

A useful list at the HEPDATA web site
’1ttP://www.iPPP.clur.ac.u|</H EREEPIE/

Here some examplcs:

NECOIETH Forjets and Photons
DIREGK Familg : Photons w/ Fragmentation

Resbos ?amllg : resummecl !fiSUltS

MCIM : many processes NGO



When should theg

...lr)e usecl’?

1. When the most Precise ‘mowle&ge of the cross section is

ﬂCCClCCJ

2. The measurement is inclusive enough for hadronization

egects not to be imPortant

A5 To stuclg the “theoretical” errors of a measurement

|
...not be used?
1. For evaluation of the tails of the distributions

2. As “blind” k-factor estimators for LO distributions
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|Beenakker, Dittmaier, MK, Plimper, Spira, Zerwas|

a(pp — ttH + X) [fb]

Vs= 14 TeV
MH= 1200 GeV

Vo, dalfdpyy, (pp — GH + X)
Vi = 14 TeV

B T T T L O T
By H[Et"l.’]




