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Hadronization
Monte Carlo event generators simulate
full particle collisions in three blocks:
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1. hard process - initial high energy in-
teraction (perturbative)

2. evolution - perturbate to nonpertur-
bative scale ∼ 1GeV

3. hadronization - combine quarks and
gluons into hadrons via phenomeno-
logical models

In the string model of hadronization
(implemented in Pythia), partons are
bound by the strong force into strings,
which are iteratively split into hadrons:

Parameter uncertainties
In the string model, the probability
f(z) to emit a hadron with a fraction of
the string’s longitudinal lightcone mo-
mentum z depends on parameters fixed
from fits to experimental data, e.g., rb:
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The uncertainties are typically evalu-
ated by simulating collisions with dif-
ferent parameter values and comparing
to relevant observables in experimental
data; e.g., the ratio of the transverse
momentum of a J/ψ meson to that of
the jet in which it is found, z(J/ψ), is
sensitive to the value of rb:
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Reweighting
Generating simulation for each input
parameter value is computationally ex-
pensive, especially when including de-
tector effects. Reweighting calculates
alternative weights for each event so
that a single simulation can be used to
estimate the effect of different param-
eter values:
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This is conceptually straightforward
but can be technically challenging.

Modified accept-reject
A probability distribution P (z) can be
sampled when a reliable overestimate
P̂ is known. In the standard accept-
reject algorithm, for a trial value of z,

Paccept(z) ≡
P (z)
P̂
≤ 1 .

If an event generated with P (z) has
weight w, the weight w′ for an event
generated with P ′(z) can be calculated
by tracking all the trial z values:

w′

w
=

∏
i∈accepted

P ′
i,accept(z)
Pi,accept(z)

×
∏

j∈rejected

P ′
j,reject(z)
Pj,reject(z)

.

Replicating distributions
Simulation generated with one set of
hadronization parameter values can be
reweighted to match another by imple-
menting the modified accept-reject al-
gorithm in Pythia, e.g., values of rb:
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The e distributions have been gener-
ated with rb set to the given values; the
w′ distributions have been reweighted
from rb = rbase

b using the modified
accept-reject algorithm, implemented
in Pythia.

Improving timing
The average time required to gener-
ate a single event using the modified
accept-reject algorithm scales linearly
as a function of the number of alterna-
tive values considered for parameter a:
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Fit: 0.26 + 0.04 × x
Means

In this example, generating an ad-
ditional value of a using the modi-
fied accept-reject algorithm is ≈ 6.5×
faster than not using it; were detec-
tor simulation included, the speedup
would be far greater, O(1000).
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