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Every magnet has two poles, north, and south. If we cut a bar magnet in half and wind up with 

two magnets, each has its own North and South Pole. But physicists have long speculated that 

unattached North and South Poles knew as magnetic monopoles might exist in nature. Spin ice 

materials are substances of the magnet. In this situation, the spin rotates the map onto H-atom 

positions in water ice. In this type of case if there is a low-temperature magnetic state. So, we 

can say it will be a phase that fulfils the conditions of gauss law and supports magnetic 

monopole excitation by using the polarized neutron scattering method to show that the spin ice 

material Ho2Ti2O7 shows a nearly perfect coulomb phase. We can say that such phases are in 

existence in magnetic materials and proves that it supports the magnetic monopole theory of 

spin ice.  

Introduction:

Gauss's law for magnetism states that the 

magnetic field has a divergence equal to 

zero. In other words, that it is a solenoidal 

vector field. It is equivalent to the statement 

that magnetic monopoles do not exist. 

Rather than "magnetic charges," the 

primary entity for magnetism is the 

magnetic dipole. But some experiments 

show the existence of magnetic monopole. 

The structure of Ho2Ti2O7 is a regular 

periodic array of ions. And the way these 

ions are arranged is they sit on a lattice 

made up of corner-sharing tetrahedra, so 

tetrahedron is a regular 3-D solid with four 

corners. Each of these magnetic ions sits on 

the corners of two tetrahedra. And each of 

these ions has a little spin and a small 

magnetic field of its own. 

Physicists managed to create a special kind 

of magnetic monopole this particle exists 

inside complex crystals called spin ices the 

atoms in the spin ice are arrayed in four-

sided pyramids called tetrahedra 

(Ho2Ti2O7). The monopoles are created 

between atoms in the tetrahedra, but they 

only arise when the magnetic fields of the 

atoms in the crystal are aligned in just the 

right way. Physicists use arrows to illustrate 

an atom's magnetic field. Each arrow is 

centered on an atom and points in the North 

Pole's direction; these arrows are also called 

spins. The four spins in each tetrahedron 

naturally orient themselves into a particular 

low-energy configuration. Two spins will 

point toward the center, and two spins will 

point outward in the middle the magnetic 

fields cancel out. But if there is not thermal 

energy, an atom spin can flip into a less 

favourable higher energy state. When this 

process happens, a pair of monopoles forms 

both a north and south. If there is a net 

North Magnetic charge, a north magnetic 

monopole forms a South magnetic 

monopole. Where there is an excess of 

southerly magnetic fields though 

monopoles are not technically particles. 

They move and interact with each other just 

like them if we apply a magnetic field, we 

can make the monopoles move by causing 

other spins to flip. The two monopoles will 

separate from one another and move 

through the sample jumping from one 



tetrahedron to another. This process leaves 

a trail or string of flip spins a line that 

connects the pair. Physicists can detect 

these strings by shining neutrons through 

the spin ice crystal.  

 
Above Figure-1 Shows- The spin ice state 

in which each tetrahedron has the two in 

and two out at each of those meeting points 

and that would be the lowest energy State 

(Fig.- A). if we take one of those magnets 

flip then we create a three in and one out in 

terms of North's which is a concentrated 

region of North Pole (Fig.-B). next to a 

three out and one in a concentrated region 

of South Pole (Fig.-C). 

 

The spin ice family is part of a larger class 

of magnetic materials at low temperatures 

enters a thermodynamic state. The spins are 

correlated, but competing interactions 

prevent long-range order so that the system 

fluctuates, exploring its many degenerate 

ground states. Typically, there is some local 

rule that to construct these ground states. 

For example, in a spin, ice ground states are 

obtained by ensuring that a “two spins in, 

two spins out” configuration is satisfied on 

every tetrahedron (Fig. 1A). Similar rules 

generically termed “ice rules” control 

hydrogen atom positions in water ice.  In 

theory, all these systems are effectively 

Coulomb phases because the ice rule apple 

to a nondivergent field and excitations that 

break the constraint create effective 

monopolies in that field. The system obeys 

a Gauss’ law, which relates divergences in 

a field to a pole density. The dipolar form 

of the spin correlation function represents 

the Gauss’s law.  

The fundamental difference between a 

conventional paramagnet and a magnetic 

Coulomb phase is the spin correlation 

function at a considerable distance 

(theoretical work). The dipolar form of the 

spin correlation function represents Gauss’s 

law of the Coulomb phase. 

The reason for the persistence of spin ice 

behavior in this more complex model is that 

the dipolar Hamiltonian has been shown to 

have insightful identical ground states to 

the near-neighbour. 

The combination of interactions and dipolar 

correlations is needed to propose that ice 

rule defects in Ho2Ti2O7 are genuine 

magnetic monopoles. 

 

Experimental work description: 

Diffuse scattering in diffraction patterns 

arises from an irregular arrangement of 

atoms on the lattice sites. There is only the 

disordered arrangement of vacancies, 

interstitials, or impurity atoms. 

In this paper “Neutron Scattering” 

estimates the scattering function Sαβ(Q) in 

reciprocal space, requiring Fourier 

transform of the thermally averaged two-

spin correlation function. They polarized 

neutron experiments to measure two 

independent components of the tensor 

Sαβ(Q) that we label as spin-flip (SF) and 

non-spin flip (NSF). 

 

Fig. 2 - Diffuse scattering maps from spin 

ice Ho2Ti2O7 

Here we explain single crystal of Ho2Ti2O7 

to map diffuse scattering in the (h h l) plane. 

This paper shows that at a temperature near 

1.7 K, there are pinch points in the SF cross-

section at the Brillouin zone centres (0, 0, 



2), (1, 1, 1), and (2, 2, 2) (in Fig. 2A). But 

not in the NSF channel (in Fig. 2B). Pinch 

points appear to be absent in all candidate 

magnetic Coulomb phases, including the 

zero-field spin ice state. The total scattering 

(contribution of both SF and NSF) reveals 

the pinch points only very weakly (in Fig. 

2C). Because the NSF component 

dominates near the zone centre. The use of 

polarized neutrons extracts the pinch-point 

scattering from the total scattering. The 

dipolar and near-neighbour spin ice models 

differ by small corrections that are expected 

to vanish as r-5. It is therefore strongly 

expected that the spin-spin correlations of 

Ho2Ti2O7 should exhibit a pseudo-dipolar 

form. T = 1.7 K should be sufficient to test 

this prediction because it is close to the peak 

temperature in the electronic heat capacity 

that arises from the spin ice correlations. 

 

 
Fig. 3 - Line shape of the pinch point. (σ′ is 

the neutron scattering cross section) 

 

Fig. 3A and 3B show that it has the form of 

a low sharp saddle in the intensity. In order 

to better resolve the line shape of the pinch 

point, In this paper, an analogous polarized 

neutron experiment on a very higher-

resolution spectrometer. To compare with 

theory, and if we can calculate the 

correlation length. The correlation length 

has a temperature depended that is 

consistent with an essential singularity 

~exp(B/T). 

 

Fig. 4 - Temperature dependence of the 

cross-section vs. Temperature 

When the above figure-4 fit, then the fitting 

of figure-4 contains the two terms in the 

numerator. The numerator terms (2 terms) 

are the cost of creating monopole or 

“doubly charged” thermal defects in the ice 

rules, respectively. 

Conclusion:  

The monopoles are created between atoms 

in the tetrahedra, but they only arise when 

the magnetic fields of the atoms in the 

crystal are aligned in just the right way. A 

spin-flip created two monopoles and 

diffused apart, leaving a path of successive 

head-to- tail spins. It establishes a Dirac 

string. If the string's length is up to ξice, then 

this should be manifested as Lorentzian 

scattering with width (ξice)
-1. If the 

temperature is high, the proliferation of 

bound defects will disrupt the existing 

string, and it also reduces the mean free 

path for monopoles due to which the 

maximum length. In the Dirac string 

network is reduced and deviates the value 

up to exp(B/T), resulting in B's value close 

to effective change around J=1.8k. This 

temperature change of ξice comes near the 

value of the length of the single-

dimensional Ising ferromagnet, indicating 

the maximum length of the ferromagnetic 

string in the system. This investigation of 

spin ice Ho2Ti2O7 by polarized neutron 

scattering method results in the truth ness 

projective equivalence. This also shows 

that Ho2Ti2O7 gives an ideal magnetic 

Coulomb phase, creating a vacuum for the 



magnetic monopole. Bound monopole and 

temperature are inversely proportional; the 

Dirac string's length rises, then the 

temperature passes below 1k. 

Reference: 

(1) Magnetic Coulomb phase in the spin ice Ho2Ti2O7. Fennell et al. Science 326, 415 

(2009). 

(2) M. J. Harris, S. T. Bramwell, D. F. McMorrow, T. Zeiske, K. W. Godfrey, Phys. Rev. 

Lett. 79, 2554 (1997). 

(3) S. T. Bramwell, M. J. P. Gingras, Science 294, 1495 (2001). 

(4) Wikipedia 

 

 

 

 

 

 

 

 

 

 

 

                        


