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MOTIVATIONS

m Monte-Carlo simulations are very effective for observables that can
be written as expectation values over a probability measure.
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m They are not as efficient when they deal with free energies or
partition functions. !

m They are not suitable for system with complex action.

IpP. de Forcrand, M. D’Elia, and M. Pepe, Phys.Rev.Lett.86, 1438



THE DENSITY OF STATES

m Let us consider an euclidean quantum fied theory
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THE DENSITY OF STATES
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m Which leads to
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ANALYTIC SUPPORT FUNCTION

m The basic idea is to multiply the usual probability density by a
strongly localized function

m The natural choice being a gaussian
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m We can choose f(§) = AS=5-5
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m It is possible to expand the r.h.s. in power of o
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FUNDAMENTAL RELATION

FUNDAMENTAL RELATION BETWEEN ((AS)), s, » AND THE
COEFFICIENTS a
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m The DoS can be constructed from the a coefficients
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m The problem to compute the DoS is reduced to finding the root of
((AS))a.s,,0 solved by Robbins-Monro 1952



THE PROBABILITY WEIGHT

m In order to compute ((AS)), s, the weight that needs to be
sampled is

(5-50)?

W(S[4],S0,0,a) x e e o2 =e Ulesnma (17

DEFINITION OF A POTENTIAL ENERGY
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m Which is analytic and can be used to define the Hamiltonian
evolution of the HMC.



Tue HMC

m The Hamiltonian is given by
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where S is the usual action.

THE FORCE
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m The Hamiltonian evolution can be performed with the standard
leapfrog method.



Tue HMC

m Usual metropolis step at the end of the Hamiltonian evolution

m The acceptance can be tuned to be as high as wanted changing the
integration step

m During thermalization the forces are very big while they became
much smaller once the action is close to Sg.

m The integration needs to be adaptive

m Can be combined with replica exchange method, see next seminar by
B. Lucini



APPLICATION TO THE ENERGY MOMENTUM TENSOR

IN YANG-MILLS

m The energy momentum tensor T, is the current of the traslational
symmetry.

m When the regulator of the theory preserves traslational invariance it
does not renormalize.

m In pure gauge theory is given by
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m On the lattice translational symmetry is broken and it needs to be
renormalized
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THE ENERGY MOMENTUM TENSOR ON THE LATTICE

m Using shifted boundary condition
A(Lo,x) = A(0,x — Lo&) (17)

it is possible to write Ward Identities? that fix the normalization
constant

DETERMINATION OF ZT
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THE DoS v SU(2)

Computation time 48 hours per point, but covers a range of 3.
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THE PROBABILITY DENSITY IN SU(2)

Af = L [log ([ dSe PS5 pe(S)) — log ([ dSe 55 pe/(S))] = 0.002319(21)
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CONCLUSIONS

m We presented an algorithm to compute the DoS using the global
Hybrid Montecarlo

m The method seems to be very efficient in pure SU(N) Yang-Mills

m Computations of the energy momentum tensor and thermodynamics
properties are in progress
Future developments

m Inclusion of fermions which is straightforward
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