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LPPG

@ is generator for different processes at hadron
and lepton colliders

@ with one-loop electroweak corrections

@ with exact hard QED Bremsstrahlung
contribution

@ with shower matching
Les Houches Accord (LHA) event format
@ LHAPDF interface for parton density functions

©
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GENERATOR STRUCTURE STRATEGIES

ADAPTIVE (BLACK BOX) APPROACH
Adaptive MC able to sample from arbitrary function

v

GENERAL ALGORITHM
split phase space (PS) onto smaller regions

NO A-PRIORI KNOWLEDGE
have to build huge grids

EXAMPLE: FOR DY +J

d = 6 dimensional phase space

for 30 splits over each axis

sizeof (grid) = 30° x sizeof (double) ~ 2.7GB

Y. DYDYSHKA, V. YERMOLCHYK LPPG — MONTE-CARLO EVENT GENERATOR FOR EXPE JuLy 29, 2018 3/19



MULTI-CHANNEL APPROACH

APPROXIMATE BY "MASTER” DISTRIBUTIONS
[A(z)[?

A 2% g = =
[A(z)] ;cG(ﬂf) S G ()

ITERATIVE ALGORITHM

Kleiss, Pittau] coefficients ¢; updated to minimize
variance

ADAPTATOR ALGORITHM
we choose set of PS points {z;}, and
find ¢; > 0 which minimize
>k K(Zi ciGi(xr) — |A($k>‘2)
K(z) = 2+ rz'%(z < 0), r > 0. We obtain w < 1
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GENERATION PROCEDURE

[ Feynarts ]—[ generate amplitudes ]

A4

SymPy, Mako

A4

ROOT: :Minuit?2

generate c++11 code

A4

[ ROOT : : mFOAM

]7

[ find coefficients Ci ‘
, generate phase- ‘
space point
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"MASTER” GENERATORS

The wider space of functions G;(x) the better
adaptation

But non-wise choice of variables
x = {x1,29,...,24} Ccan strongly complicate the job

v

In tree-level amplitude all peaks are due to
propagators

Can we parametrize phase-space by invariant
variables, which appear in propagators?

v
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GENERATOR STRUCTURE PROPAGATOR VARIABLES

Express PS as chain of decays and 2 x 2 scatterings

@ changing of variables is as simple, as taking
integrals with §-functions:

JdRy (i) = 1ds' 5 [FdRS(p* = ).

@ problem now reduces to generalized unitarity
integrals

@ now formally all (intermediate and final) particles
are on-shell
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LooP CONTRACTION

FSR

o

"MASTER” GENERATORS

D
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LooP CONTRACTION
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LooP CONTRACTION

ISR

T S

"MASTER” GENERATOR
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LooP CONTRACTION

ISR-FSR INTERFERENCE

ST

"MASTER” GENERATOR
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LooP CONTRACTION

ISR-FSR INTERFERENCE

"MASTER” GENERATORS
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GENERATOR STRUCTURE PROPAGATOR VARIABLES

ELEMENTARY LOOPS

In our simple case only "self-energy”, "vertex” and
"forward-box” diagrams are needed

The same diagrams are used by vectorizer to
construct particles momenta in desired reference
frame

7
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MOMENTA CONSTRUCTION

@ one-loop sub-diagrams used for reconstruction
of the momentum, running in the loop

@ reference frame and axes directions are fixed by
external legs

@ boosts and rotations can easily be performed by
operators from Clifford algebra
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HARDEST EVENT PS MATCHING

[O(logz) & O(log'), ool

Y
[ Pythia 8 :>[ Truncated PS ]
T ! I
overlap at
SCALUP parameter
[ O(a'log?) & O(atlogh) [ = ]
7 : i
LPPG l={ Hardest Event |
1)
O(&1>,10gall
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MATCHING HARDEST EVENT

HARDEST CROSS SECTION
[ Hardest Event ]

Cross Section

AN

soft & collinear [Spinor Amplitude]
resummation

W , (Q=SCALUP
Sudakov Bytnia = [Sij|x
factor A(Q) " =z ISR
z(1—2) FSR

L
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MATCHING IR SUBRTACTION

HARD CROSS-SECTION

INFRARED FINITE CROSS-SECTION

H HOIoop_|_0H1I00p HOIoop+_.

TOTAL CROSS-SECTION
On = 0y, A (kcut)
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PROPERTIES

@ Infrared singularities are effectively regularized
with Sudakov factor;

@ Projection to lower phase-space are
unnecessary. No off-shell extrapolation also;

@ We deal with a positive-defined integrable
distribution suitable for Monte-Carlo;

@ Generator for multiplicity n effectively generates
events for lower multiplicities;
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CONCLUSION

@ proposed method of generation with
multi-channel optimization approach and wise
phase space parametrization

@ matching with parton shower MCs implemented

@ all necessary interfaces for inclusion into
analysis infrastructure available
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N LU o=

Thank you!

B AR 23l L PP G — MONTE-CARLO EVENT GENERATOR FOR EXPE July 29,2018 19/19



	Introduction
	Generator Structure
	Strategies
	Handling Graphs
	Scalar Generators
	Propagator variables
	Vectorizer

	Matching
	Hardest Event
	IR subrtaction
	Regularization
	Generator


