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Memory consumption Vegas

Full decomposition of the integration volume [0,1]¢ into n
sub-intervalls for each variable would mean:

¢ 8Byre = 0 X8 te — 74GBy
n € — € — €
ATV i Y
one double per cell n=10,d=10

- this is not done for obvious reasons

(would correspond to multi-dimensional array: w(n|[n||n] ... [n])

Due to factorization assumption:

p(x1,%2,...,Xq) — p1(x1)p2(x2) . .. pulxn)

variables are binned independent from each other: w[n][d]

nx d x 8Byte = 800Byte
n=10,d=10
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Memory consumption vegas

[=] uwer on pepnote01: /home/uwer/srcortran/ivegas/imoch

[#] [] [2] &1 [X

#oefine
#1ifndef
#cefine
#endif

#1ifndef
#cefine

FLUSHIT
MAxD
MAxD 16

LOG
LOG &

uwerBpepnotedl :moch>more wegas.F

#endif
C#cdefine KHUTH

#trgdefine MAKD 44
ELOCK DATHA
implicit none
double precislon =31,52,53,34,55
COMMON/RESULT /51,52 ,53,54,55
double precision CALLS,TI, TSI
COMMON/BVEGS/CALLS,TI, TSI

C Make the common kblock static so that it can be used from C 3X4KByte (d:10)

C Actually I am not really sure if that is needed... . ’
save/result/ would even fit
savesBYEGL S

i . .
C 20?82f‘30 oozZo01221  MEMEERE MHAME WEGAS (HEAWYR) FYS ; Into fIrSt level
cache of modern

SUEROUTIHE UEGQS(FXN,QEE,HDIM,HEQLL,ITMX,HPRH,IGRQPH)
J
CPU’s

implicit none
B IMPLICIT DOUBLE FRECISION  A-H,0-2 1}
integer 1i,]j,k,1ipr,1ajl,1iaj,nd,ndm,npz,ns
integer ndim,ncall ,ndmx, 1tmx,npro,lgraph,mds
double precision acc, avgl,chiZa,alph,one
double precision x0,xMH,xXNHD,XJAC,WGT ,E
double precislon sd, dr,dxg,dv?
double precision rc
integer MDO,IT,MxI(50,MA

_LE) = [ = I_] 1 1
D(50,MAXD) ,DI(50,MAXD ]
+ ,0,DT,NXI o

couble precision CALLS,TI, TSI
COMMON/BWEG4/CALLS,TI, TSI

iz
Fhb,F2b

.MGT,SEHIIXIEEO,MQXDJLSCQLLS

7, SWGT,SCHI,XI,SCALLS

integer IACMAXD) ,KGIMAXD)
double precision xIM(S0),R(50),Dx(MAXD),DT (MAXD)
double precision #ALIMAXD) ,<UIMAXD) ,QRANIMARD) , = (MAxD)
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The problem: 5

Cross sections

Top-quark pair production with an additional jet at the Tevatron

cross section [pb] charge asymmetry [%o]
20 1.583(2)"0%% | L79L()T9L | —=7.69(4) 7080, | —1.77(5)F 23
30 0.984(1)70<) 1.1194(8)ig;§i —8.29(5) 0ass | —2.27(4) 03]
40 [ 0.6632(8)5%; | 0.7504(5) 701 | —8.72(5) 7015 | —2.73(4) 53
50 0.4670(6) 013 }5244(4)+3:33§ —8.96(5) 11 | —3-05(4)* 550
minimum central value uncertainty shift towards g =2m,m/2
pt of additional jet num. intgration

—> total cross sections including cuts and observables

- total cross sections are difficult to measure not
necessarily the best to test theory
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The problem
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—> more sensitive probe of theory
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The problem 7

We want to calculate

Ocur = l k_k_ i Tizecu vy n
t= 2/H2n32E 1 —K2 ;P)\f’ (P1 Pn)

ki

P1 number of independent
P2 variables 3n — 4

k> :

Pn

without cuts simple for n=2,3

For n=3 with cuts i.e. Durham-Jetalgorithm, already non-trivial

2 2
(max(Ei E?)

®Durham(p17 <o 7pn) :H®

\)

(1 —cos0;;) — ycut>
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The problem 8

In addition we also want to calculate distributions

- P B B n | T.Z » D,
2s/ 32E o(ki — ko IZ{PZ)‘ fil Ocur(P1; - -, Pn)
0 0(p17 7pn))

Hopeless to solve this integral analytically apart from
rather simple cases

-> use Monte Carlo integration

- we need to identify the integration variables

additional argument for MC:
can easily deal with non-continous or otherwise strange integrands
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. 9
Hadron colliders

If hadronic collisions are studied we have in addition two
integrations over the momentum fractions of the incoming

partons:

Had
O, dy / dy:F (y1,ur)F (y2, 1 /
: / £)E G2 4) 28hadV1y2 H

d’ Pi
S(yiki — yako — Y )| Tri(yik1, y2ka, p1 - )P0 (P1, - - -, Pn)
(27)32E; 1:21

-> just two additional integration variables,
MC integration does not care!
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Integration variables: simple cases

2-particle final state:

0,0 Azimuthal and polar angle of one particle,
’ everything else is fixed by momentum conservation

In most cases the matrix elements do not depend
on ¢, = integrate out, only one integration variable

—> integration boundaries straight forward

3-particle final state

0,0,x1,x2  Two angles to describe the orientation of the
event plane, x; = 2—5;; energies of two outgoing particles

—> integration boundaries not so straight forward anymore
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Integration boundaries

T [Fleseh] ]
X :
0.75 | -
0.5 [ . massive
case
0.25 — (\—.
- I~~_massless
. e _ case
0 0.2 0.4 0.6 0.8 1 1.2

- for the massive case complicated boundaries
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Integration variables: simple cases

4 parton final space:

0,0,112,113,114,123,134 - need phase space boundaries,
i =2pi- p; and jacobian

-> rather involved phase space boundaries,

—> search for general approach based on MC methods
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Phase space integration

If we want to use a simple Monte Carlo integrator we need:

[07 1]31@—4 — (p17p27 R 7pn)

satisfying “on-shell’-condition and momentum conservation

pi=m;, ki+ky=Y p;

In addition we need the jacobian/weight of the transformation:

A(p1y---,Pn
Hd3pl‘ = <p17 14 ) dx1 .. .dX3n_4
i a(xla"'7x3n—4)
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Democratic approach to phase space

RAMBO = RA(NDOM) M(OMENTA) B(EAUTIFULLY) O(RGANIZED)
[Ellis (SD), Kleiss, Stirling]

Only mass-shell condition,
no momentum conservation

Scetch of the derivation:
2

Consider: R, = / Hd4% ;) f(d})0(q)) with f(x) = exp(—x)
Replace ¢, by (use delta-functions!):
p; =x(Yq; +bq;), pi=x(q;+bg;+a(bq;)b)
b=—0/M, x=1/5/M, y=0"/M=\1+P
=1/(1+7), Q”—Zq“ M=+

- Integration over b and x can done
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Democratic approach to phase space

The remaining integral in p gives the ordinary phase

3
space measure: d’p

2E]

R=c X /S(P V) Hd4pi5(l9;2)@(l??)
‘\ i i

constant determined from integral over b,x

Algorithm:
1. Generate the ¢,

2. Calculate the p, from the ¢,
q; is distributed according to xexp(—x)

q; = —In(uiuz),c; = 2u3 — 1,0 = 2muy
can also use this to map [O, 1]4” — (p1, e ,Pn)

works with minor modification also for massive momenta
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[c] uwer on pepnote01: /homeluwer/src/fortran/rambo

uwerbfpepnotedl :rambo>more rambo-mod. £

C
C
C
C

30 1 vt 1 v e e e e e e

Modified wersion of Rambo, instead of creating the [KleiSS, Ellis, Stlrllng]
random numbers in Rambo, they are passed through an
additional VYariabhle RH(4,1007 .

SUBROUTINE phpoint(N,ET,%M,RN,P,WT)

RAMED
RACNDOM) M{OMEWTA) EB(EAUTIFULLY) O(RGAMIZED)
A DEMOCRATIC MULTI-PARTICLE PHASE SPACE GEMERATOR

AUTHORS: 5.0, ELLIZ, RE. KLEISS, W.J. STIRELINMG
THIZ IS WERSIOW 1.0 - WRITTEMW BY R. KLEISS

N = NUMBER OF PARTICLES (>1, IN THIS VERSION <101} fr()rT]

ET = TOTAL CENTRE-OF-MASS ENERGY

%M = PARTICLE MASSES ( DIM=100 )

P = PARTICLE MOMENTA ( DIM=(4,100) ) CERNLIB (?)
WT = WEIGHT OF THE EWENT

IMPLICIT REAL*&{A-H,0-21)
implicit none
double precision xm,rn,p,d,Z,r,b,02,=xmZ, e ,v,xmt
double precision acc,FO,x,bg,wt,=max,accu,20,=2 Wt WL, Wwtm
double precision twopil,C,Rmas,G,A,F,5,pozloz,et
integer lwarn,lbegin,liter,itmax,k,l,nm,n
DIMENSION XM(100) ,RM(4,100), P(4,100),004,100) ,2(100) R4},
. B(3),P2(100}) ,xMZ{100) ,E(100) ,% (100}, IWARN{S)
DATA ACCAL.D-147, ITHA= B, IBEGINA0, TWARN.A %0/
I added the following line otherwise the warlables are
not static, for ibegin the statement is not reguired (P.U.)
SAVE IBEGIMW,TWORI,FOZLOG,Z

IMITIALIZATION STEF: FACTORIALS FOR THE FHASE SFACE WEIGHT

IF(IBEGIN.ME.OQ) GOTO 103
IBEGIM=1
TWORI=5 . *DATAM(L . DO}

Peter Uwer
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RAMBO

Comments:

® Events have uniform weight in phase space
® Useful for testing purposes
® For real integration not that useful:
— more integration variables than actually needed
— Due to complicated mapping vegas unable to optimize

® Useful in constructing multi channel generators
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Sequential splitting

> o ddd &

[Byckling, Kajantie]

Phase space can be factorized:

, 1 M,,—m,, ] M3z—ms3 1 1
Rn(Mn) — M / dMn—ld-Q'n—lipn .. / szdQ2§P3 /dQIEPZ
n<Y tp,—1 M2

M, =ky ki=pi+...+pii=m+...4+m,

MMM i)
oM,

P, =
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Sequential splitting

n pn 1 n— [Byckling, Kajantie]
'\/

Generate angles in the individual restframes
generate the masses M;

The momenta are generated in the respective rest frames

Apply boosts to all the momenta to transform them
into the same (overall) rest frame (iterative procedure)

method gives mapping [0, 1]>"* — (p1,...,p,)

1 1
oM, 112
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Sequential splitting

Comments:

® Some freedom in ordering

® Can also be used for direct integration

® Seems to work better than Rambo when combined with Vegas
® Can be adopted to generate soft/collinear configurations

Test of soft/collinear limits

® Possible to combine different orderings of scattering amplitudes

Note: There is no “one size fits all” general
solution to phase integration

RAMBO and sequential splitting should be taken as a starting
point, very useful to get a “first” program
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Multi-channel

In typical phase space integrals there are usually more
problematic variables than integration variables

-> not possible to be good in all problematic variables !

- multi-channel methods

Define different mappings optimized for specific configurations

Sample/integrate using a weighted sum over the individual
mappings

Zpifi()_c)apla s 7pl”l)

- sampling by composition
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Multi-channel

Taken to the extreme:

Generate one mapping for each Feynman integral o

Combine all channels as it was done for the
probability distributions (sampling by composition)

Individual channels can be constructed using
sequential splitting, RAMBO
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Sarge

In the case of QCD tree-amplitudes where the pole structure
Is pretty well understood there exist dedicated algorithms

- Sarge, an algorithm for generating QCD-antennas

[Hameren, Kleiss, Draggiotis]

Note:
In next-to-leading order calculations the situation
IS different:

We integrate ‘T‘ - Z Dipoles; [see Kouhei Hasegawa'’s talk]
]

-> behaviour of the combination very different
compared to un-subtracted matrix elements

-> no general technique
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Distributions

Monte Carlo integrator provides weight and configuration

Possible to calculate (discrete) distributions = histograms
at the same time

l.e. p,m;; = \/(Pi-H?j)

W,(ph"'?pn) \L
MC > do(pi,....pn), O(pi,...,pn)

integrator

fill histogram with do x w according to the value of O
do
dO

Can also be understood as integrating a vector

9

modern MC integration packages are usually prepared for that, see i.e. Cuba by Thomas Hahn
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Steps towards a full Monte Carlo

Goal: Want to have full simulation as close as possible to nature

I.e. want to have hadronic events which are
distributed as in nature

- we need so called un-weighted events in difference
from weighted ones

iIn ideal simulation no difference between real
and simulated events

-> optimal to test the experimental analysis

If affordable (CPU time!):

Create as many MC events as you expect to observe

Peter Uwer Monte Carlo Methods in High Energy Physics IV CALC2009 - July 10 — 20, Dubna



From weighted to un-weighted events

For un-weighted events distribution should be according to
underlying theory, i.e. matrix elements, parton distribution, ...

Events generated in MC integration are weighted.

I(pi,---,Dn)
a(X1, v o3 X3n—4

)‘T(ylkla)@k%pla oy D) PE 1, ) F (2, 1)

If the maximum weight w _is known we can “un-weight” events:

1. For each event generate uniform random number r between 0 and w,

2. Ifw(p1,...) <r reject the event otherwise keep the event
3. Give any surviving event the weight 1

- hit and miss algorithm

(as far as efficiency is concerned only useful if processing takes much longer then generating)
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Event generators

Very important tool in today's experimental analysis
-> everybody should have a rough idea what goes in there

[Gieseke]

what we might see at the LHC how we understand it
Higgs event
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Event generators — a closer look

[Gieseke]
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Event generators — a closer look

[Gieseke]

Parton shower
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Event generators — a closer look

[Gieseke]

N 05 =~
Y g@ Y

Hadronisation
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Event generators — a closer look

[Gieseke]

underlying event
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Hadronic cross sections [Gieseke]
do = dopqdP(partons — hadrons)
vp\artonic v\_A

Cross section

/ dP(partons — hadrons) =1,

dP(partons — hadrons) = dP(resonance decays) ' > Qo
x dP(parton shower) [TeV — Qo]
x dP(hadronisation) I~ Qo
x dP(hadronic decays) [O(MeV)]

Complex simulation = Herwig, Pythia
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