Phase diagram of TIM
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reover, the off-critical theory
turns out fo be integrable!




Thermal deformation (High temp.): E,

(Christe-Mussardo, Nucl.Phys. B330)
There are conservation laws

aETS—I—l = aze)s—l

for the following values of the “spin” s

s\ =B E R 1 Y tmiod18)

Coxeter Exponenty of £,



Thermal deformation (Hightemp.): E;

(Christe-Mussardo, Nucl.Phys. B330)

The conservation laws are compatible with non-zero
3-particle couplings




The S-matrix of the fundamental pawticle iy
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The remaining S are obtained by bootstrap



Bootstrap principle

“All particles are equal but one is more equal than the others”

S.a(p)=S8,(p+ luac) Sua (P = l”bC)
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Exact S-matrix

» 28 amplitudes S,,(8) (a,b=1,...,7)

* Each amplitude satisfies unitarity and crossing egs.

Sab(ﬁ)Sab(_B) =1 f B

Sap(tm — B) = Sap(B) B RS R
i




Exact S-matrix

» 28 amplitudes S,,(8) (a,b=1,...,7)

* Each amplitude satisfies unitarity and crossing egs.

Sab(ﬁ)Sab(_B) =1
Sab(iﬂ' 5 5) = Sab(ﬁ)

e Pole structure and bound states
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Mandelstam variable and friangle of the masses
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Mass spectrum of the Tricritical Ising_along the thermal axis

m, = Ct™"° =1

m, = 2m, cos(57/18) = 1.285...
m, = 2m, cos(m/9) =1.879...
m, = 2m, cos(/18) =1.969..
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Sract mass sphectrirmn
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An efficient numerical method: TCSA approach

R
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Matrix elementy on the conformal states
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Role of the boundary conditions
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Behavior of the eigenvalues




E- Numerical Specirum
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Correlators and their spectral representation
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Dynamic Structure Factors
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All these quantities depend on the matrix elements on asymptotic parfticles,
.e. the so-called Form Factors
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Abstract

The thermal deformation of the critical point action of the 2D tricritical Ising model gives
rise to an exact scattering theory with seven massive excitations based on the exceptional
E; Lie algebra. The high and low temperature phases of this model are related by duality.
This duality guarantees that the leading and sub-leading magnetisation operators, o(z) and
o'(z), in either phase are accompanied by associated disorder operators, p(z) and p'(z).
Working specifically in the high temperature phase, we write down the sets of bootstrap
equations for these four operators. For o(z) and ¢’(z), the equations are identical in form
and are parameterised by the values of the one-particle form factors of the two lightest Zs odd
particles. Similarly, the equations for u(z) and p'(z) have identical form and are parameterised
by two elementary form factors. Using the clustering property, we show that these four
sets of solutions are eventually not independent; instead, the parameters of the solutions for
o(z)/o’'(z) are fixed in terms of those for p(z)/u/(z). We use the truncated conformal space
approach to confirm numerically the derived expressions of the matrix elements as well as the
validity of the A-sum rule as applied to the off-critical correlators. We employ the derived
form factors of the order and disorder operators to compute the exact dynamical structure
factors of the theory, a set of quantities with a rich spectroscopy which may be directly tested
in future inelastic neutron or Raman scattering experiments.




Form Factors
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Monodromy properties

F(ByoeBs Brvi-B,) =SBRSBI F (.--B,.1- B--)
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Kinematic Recursive Equations




Bound State Recursive Equations
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Important observation
(Cardy-Mussardo, Nucl.Phys. B340)

All equations we employed never refer to the operator
of which we are computing the Form Factors !

This means that, finding all possible solutions of the FF
and classifying them, we can obtain the

Operator Content




For the Tricritical Ising Model...

7 B
« 2 /Z, odd local solutions order parameters < 6§:17))

- - p(x)
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2 Z, even non-local solutions disorder parameters s )

. 2 Z, even local solutions BRErgy density - €(x)
vacancy density - t(z)




Delta sum rule '

Computed in terms of the
Form Factors




Lattice variable vs field operators




Exact predictions for structure functions




Exact predictions for structure functions

DSS(w) = A2 DS¢(w) + B2 Djf (w) + 2AB D§f (w)

EXT

A and B constants which can be easily fixed by
the resonance peaks!




Exact predictions for structure functions
* Z, odd (high-temperature)
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E, Spectroscopy
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Order parameter structure functions (Hi

One-particle contributions




One-particle contributions

- . - - - - . ...

24

particle | 27 ﬂ 2m |Ff, |2 2m F Fia/ i
m; mg m;
1 3.17116 26.5578 91771
3 0.212838 | 9.82114 1.44579
6 0.0095296 | 1.29193 0.110957




Order parameter structure functions (High Temperature)

wo-particle contributions




Disorder parameter structure functions (Low Temperature

One-particle contributions
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Disorder parameter structure functions (High Tempéfd?ureL




Overall Perspective and Challenges

- Physics of spin 1 displays an interesting web of remarkable symmetries
(E., - SUSY, duality, etc)

- The TIM is an ideal playground for this physics and a theoretical gem in itself
(CFT, quantum integrability, etc.)

- Its self-duality is related to (interacting) fermions and their zero modes

e Detailed studies of the E7 structure of TIM
(Elastic S-matrix, exact mass spectrum, Form Factors, etc.)

* Exact computation of structure functions, with their rich spectroscopy

* It would be extremely fascinating to realise such a class of universality
experimentally!





