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Z2 � parity

Moreover, the off-critical theory 
turns out to be integrable!



Thermal deformation (High temp.): E7

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

@zTs+1 = @z⇥s�1

for the following values of the “spin” s 

Coxeter Exponents of E7

s = 1, 5, 7, 9, 11, 13, 17 (mod 18)



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

with mass ratios
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(Christe-Mussardo, Nucl.Phys. B330) 
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Thermal deformation (High temp.): E7
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The remaining S are obtained by bootstrap
ab

The S-matrix of the fundamental particle is

A4A2



Bootstrap principle
“All particles are equal but one is more equal than the others”
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Exact E7 S-matrix
• 28 amplitudes <latexit sha1_base64="UKwPXZBU7qx1yQWtxx9E1ZgAd4Y=">AAAB9HicdVBNS8NAEJ3Ur1q/qh69LBahXkJiS7W3ohePFe0HtKFsttt26WYTdzeFEvo7vHhQxKs/xpv/xk1bQUUfDDzem2Fmnh9xprTjfFiZldW19Y3sZm5re2d3L79/0FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP75K/daESsVCcaenEfUCPBRswAjWRvJuewn2Z8WuTzU+7eULjl1NUUELUqoa4pRdp1RCru3MUYAl6r38e7cfkjigQhOOleq4TqS9BEvNCKezXDdWNMJkjIe0Y6jAAVVeMj96hk6M0keDUJoSGs3V7xMJDpSaBr7pDLAeqd9eKv7ldWI9uPASJqJYU0EWiwYxRzpEaQKozyQlmk8NwUQycysiIywx0SannAnh61P0P2me2W7FLt+UC7XLZRxZOIJjKIIL51CDa6hDAwjcwwM8wbM1sR6tF+t10ZqxljOH8APW2yfQ55Ip</latexit>
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(a, b = 1, . . . , 7)
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Exact S-matrix
• 28 amplitudes <latexit sha1_base64="UKwPXZBU7qx1yQWtxx9E1ZgAd4Y=">AAAB9HicdVBNS8NAEJ3Ur1q/qh69LBahXkJiS7W3ohePFe0HtKFsttt26WYTdzeFEvo7vHhQxKs/xpv/xk1bQUUfDDzem2Fmnh9xprTjfFiZldW19Y3sZm5re2d3L79/0FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP75K/daESsVCcaenEfUCPBRswAjWRvJuewn2Z8WuTzU+7eULjl1NUUELUqoa4pRdp1RCru3MUYAl6r38e7cfkjigQhOOleq4TqS9BEvNCKezXDdWNMJkjIe0Y6jAAVVeMj96hk6M0keDUJoSGs3V7xMJDpSaBr7pDLAeqd9eKv7ldWI9uPASJqJYU0EWiwYxRzpEaQKozyQlmk8NwUQycysiIywx0SannAnh61P0P2me2W7FLt+UC7XLZRxZOIJjKIIL51CDa6hDAwjcwwM8wbM1sR6tF+t10ZqxljOH8APW2yfQ55Ip</latexit>Sab(�)
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(a, b = 1, . . . , 7)

• Each amplitude satisfies unitarity and crossing eqs.
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Sab(�)Sab(��) = 1
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Sab(i⇡ � �) = Sab(�)



Exact S-matrix
• 28 amplitudes <latexit sha1_base64="UKwPXZBU7qx1yQWtxx9E1ZgAd4Y=">AAAB9HicdVBNS8NAEJ3Ur1q/qh69LBahXkJiS7W3ohePFe0HtKFsttt26WYTdzeFEvo7vHhQxKs/xpv/xk1bQUUfDDzem2Fmnh9xprTjfFiZldW19Y3sZm5re2d3L79/0FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP75K/daESsVCcaenEfUCPBRswAjWRvJuewn2Z8WuTzU+7eULjl1NUUELUqoa4pRdp1RCru3MUYAl6r38e7cfkjigQhOOleq4TqS9BEvNCKezXDdWNMJkjIe0Y6jAAVVeMj96hk6M0keDUJoSGs3V7xMJDpSaBr7pDLAeqd9eKv7ldWI9uPASJqJYU0EWiwYxRzpEaQKozyQlmk8NwUQycysiIywx0SannAnh61P0P2me2W7FLt+UC7XLZRxZOIJjKIIL51CDa6hDAwjcwwM8wbM1sR6tF+t10ZqxljOH8APW2yfQ55Ip</latexit>

Sab(�)
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(a, b = 1, . . . , 7)

• Each amplitude satisfies unitarity and crossing eqs.
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Sab(�)Sab(��) = 1
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Sab(i⇡ � �) = Sab(�)

• Pole structure and bound states
<latexit sha1_base64="btH6YwyKhheier33f7jOOUPTAs0="></latexit>
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Mandelstam variable and triangle of the masses 
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Mass spectrum of the Tricritical Ising along the thermal axis

€ 

m1 = Cτ 5 / 9 ≡ 1
m2 = 2m1 cos(5π /18) = 1.285...
m3 = 2m1 cos(π /9) = 1.879...
m4 = 2m2 cos(π /18) = 1.969...
m5 = 2m4 cos(π /9) =2.532..
m6 = 2m3 cos(2π /9) = 2.879...
m7 = 2m3 cos(π /18) = 3.702.. .

In the continuum

m42 m1m4m6m7m5

m3



Structure of bound states
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Exact mass spectrum

Mass Value Parity(ht) Low temp

1 odd kink

1.285… even particle

1.879… odd kink

1.969… even particle

2.532… even particle
2.879… odd kink

3.702… even particle

m2 = 2M cos
5⇡

18

m3 = 2M cos
⇡

9

m4 = 2M cos
⇡

18

m5 = 2m4 cos
⇡

9

m6 = 2m3 cos
2⇡

9

m7 = 2m3 cos
⇡

18

m1 = M



An efficient numerical method: TCSA approach

Matrix elements on the conformal states
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Role of the boundary conditions

• Kink state exist only with 
anti-periodic or twisted b.c.

• Only kink-antikink states
are present with periodic b.c.



Behavior of the eigenvalues
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E7 Numerical spectrum

m1 = 1
m2 = 1.28..

m3 = 1.87..
m4 = 1.96..

<latexit sha1_base64="C0+4jBukJH8WxzdwD8InE3ggB3c=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4cZjpw2k3UpCCywq2VtphyKSZNjTJDElGKKVf4caFIm79HHf+jelDUNEDFw7n3Mu994QJo0o7zoeVWVldW9/Ibua2tnd29/L7B20VpxKTFo5ZLDshUoRRQVqaakY6iSSIh4zchqPLmX97T6SisbjR44T4HA0EjShG2kh3jYDCM9gInCBfcGy36HkVFzp2rVbzKqUFcUpV6NrOHAWwRDPIv/f6MU45ERozpFTXdRLtT5DUFDMyzfVSRRKER2hAuoYKxInyJ/ODp/DEKH0YxdKU0HCufp+YIK7UmIemkyM9VL+9mfiX1011VPUnVCSpJgIvFkUpgzqGs+9hn0qCNRsbgrCk5laIh0girE1GORPC16fwf9Iu2u65Xb4uF+oXyziy4Agcg1PgAg/UwRVoghbAgIMH8ASeLWk9Wi/W66I1Yy1nDsEPWG+fdm6Pjg==</latexit>

Ei � E0

<latexit sha1_base64="03qgAanfkyG1QtparzjtfrCmKuA=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmayOMlFAl48JmIWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqeTFnUlnWh5FZW9/Y3Mpu53Z29/YP8odHbRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8ebXM39zj0IyaLwVk1jcAMyCpnPKFFaat4M8gXLtIuOU7GxZdZqNadSWhKrVMW2aS1QQCs0Bvn3/jCiSQChopxI2bOtWLkpEYpRDrNcP5EQEzohI+hpGpIApJsuDp3hM60MsR8JXaHCC/X7REoCKaeBpzsDosbytzcX//J6ifKrbsrCOFEQ0uUiP+FYRXj+NR4yAVTxqSaECqZvxXRMBKFKZ5PTIXx9iv8n7aJpX5jlZrlQv1zFkUUn6BSdIxs5qI6uUQO1EEWAHtATejbujEfjxXhdtmaM1cwx+gHj7RNDFo1C</latexit>
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Correlators and their spectral representation

)(rΦ )0(Φ

<latexit sha1_base64="hL0uOH5pMSBuQm4hd50AG7XMW64=">AAACEHicdVDLSgMxFM3UV62vUZdugkVsN0PGlmp3RTcuK9gHdErJpGkbmskMSUYoYz/Bjb/ixoUibl26829MOxVU9MDlHs65l+QeP+JMaYQ+rMzS8srqWnY9t7G5tb1j7+41VRhLQhsk5KFs+1hRzgRtaKY5bUeS4sDntOWPL2Z+64ZKxUJxrScR7QZ4KNiAEayN1LOPPY7FkFOI4C306iNWkMW0o6JREPTk3O/ZeeRUZ6jAlJSqhqCyi0ol6DpojjxYoN6z371+SOKACk04Vqrjokh3Eyw1I5xOc16saITJGA9px1CBA6q6yfygKTwySh8OQmlKaDhXv28kOFBqEvhmMsB6pH57M/EvrxPrwVk3YSKKNRUkfWgQc6hDOEsH9pmkRPOJIZhIZv4KyQhLTLTJMGdC+LoU/k+aJ45bccpX5XztfBFHFhyAQ1AALjgFNXAJ6qABCLgDD+AJPFv31qP1Yr2moxlrsbMPfsB6+wQO3JrC</latexit>

h0|�(r)�(0)|0i <latexit sha1_base64="LLDxT0IdwwaX8m8IeEvT7zwOJMA=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsqfYgFL14bMF+QBvKZrtp1242YXcjlNBf4MWDIl79Sd78N27aCir6YODx3gwz8/yYM6Ud58PKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/Ml15nfuqVQsErd6GlMvxCPBAkawNlLzclAsOXYtQxUtSLlmiFNxnXIZubYzRwmWaAyK7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56fzQGToxyhAFkTQlNJqr3ydSHCo1DX3TGWI9Vr+9TPzL6yU6uPBSJuJEU0EWi4KEIx2h7Gs0ZJISzaeGYCKZuRWRMZaYaJNNwYTw9Sn6n7TPbLdqV5qVUv1qGUcejuAYTsGFc6jDDTSgBQQoPMATPFt31qP1Yr0uWnPWcuYQfsB6+wQwcI04</latexit>=
<latexit sha1_base64="/qztgFIPFNWH/cYSp/1+fRSjV+A="></latexit>X
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Dynamic Structure Factors
<latexit sha1_base64="Apz/zd/HbKtR/LXbAZLCmZxpm2o="></latexit>

D(!, q = 0) =

Z
dxd⌧ei!⌧�iqxh0|�(x, t)�(0, 0)|0i |q=0

<latexit sha1_base64="Xwe79/9RC4emYbgkEJQ+FoDoreE="></latexit>
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All these quantities depend on the matrix elements on asymptotic particles, 
i.e. the so-called Form Factors





Form Factors

Fi1 ,i2 ,... ,in
Φ (β1,β2 , ... ,βn ) ≡ < 0 |Φ(0) | Ai1 (β1)Ai2 (β2 ) ⋅ ⋅ ⋅ Ain (βn ) >

Φ

β1

β2

βn

⋅ ⋅ ⋅



Watson’s equations
| β1 ⋅ ⋅ ⋅ βm >out out< β1 ⋅ ⋅ ⋅ βm |

m=0

∞

∑ = 1

< 0 |Φ(0) | β1 ⋅ ⋅ ⋅ βn >in = < 0 |Φ(0) | β1 ⋅ ⋅ ⋅ βm >out out< β1 ⋅ ⋅ ⋅ βm | β1 ⋅ ⋅ ⋅ βn >in
m=0

∞

∑

= < 0 |Φ(0) | β1 ⋅ ⋅ ⋅ βm >out Sn→m
m=0

∞

∑

But, in integrable theory the scattering is elastic !

= < 0 |Φ(0) | β1 ⋅ ⋅ ⋅ βn >out Sn→n

The computation reduces to solve a Riemann-Hilbert problem !

Φ SΦ =



Monodromy properties

ϕ ϕ

...),(...)()...,,...( 11,11 iiiinii FSF ββββββββ +++ −=
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Kinematic Recursive Equations

2+→ nn FF

−i lim
β→iβ '

(β − iβ ') Fn (β '+ iπ ,β,...,βn ) =

1− e2π iγ S(β − βi )
i=1

n

∏&

'
(

)

*
+ Fn−2 (β1,...,βn )

ϕϕ ϕ



Bound State Recursive Equations

ϕ
Γ

ϕ

1−→ nn FF

−i lim
βab→iuab

c
(βab − iuab

c ) Fn (βa ,βb ,...,βn ) = Γab
c F(βc ,β3,...,βn )



Important observation

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

(Cardy-Mussardo, Nucl.Phys. B340)



For the Tricritical Ising Model…

• 2 Z2 odd local solutions

• 2 Z2 even non-local solutions

• 2 Z2 even local solutions

<latexit sha1_base64="arc1+kYE8CmZY63pr7QPXd/5Nh0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzTDTh9Puim5cVrCt0g4lk2ba0CQzJBmxDP0KNy4UcevnuPNvTB+Cih64cDjnXu69J4gZVdpxPqzMyura+kZ2M7e1vbO7l98/aKsokZi0cMQieRMgRRgVpKWpZuQmlgTxgJFOML6Y+Z07IhWNxLWexMTnaChoSDHSRrrtKTrkqHh/2s8XHNsteV7VhY5dr9e9anlBnHINurYzRwEs0ezn33uDCCecCI0ZUqrrOrH2UyQ1xYxMc71EkRjhMRqSrqECcaL8dH7wFJ4YZQDDSJoSGs7V7xMp4kpNeGA6OdIj9dubiX953USHNT+lIk40EXixKEwY1BGcfQ8HVBKs2cQQhCU1t0I8QhJhbTLKmRC+PoX/k3bJds/sylWl0DhfxpEFR+AYFIELPNAAl6AJWgADDh7AE3i2pPVovVivi9aMtZw5BD9gvX0C25qQeg==</latexit>

�(x)
<latexit sha1_base64="fbLNHSEj3hZYbe2825CVEfmf25I=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSxC3YSkD9Puim5cVrAPaEKZTCbt0MmDmYlYQ7/EjQtF3Pop7vwbpw9BRQ9cOJxzL/fe4yWMCmmaH1pubX1jcyu/XdjZ3dsv6geHXRGnHJMOjlnM+x4ShNGIdCSVjPQTTlDoMdLzJpdzv3dLuKBxdCOnCXFDNIpoQDGSShrqRUdS5hNH0FGIyndnQ71kGlbFtusWNI1ms2nXq0tiVhvQMswFSmCF9lB/d/wYpyGJJGZIiIFlJtLNEJcUMzIrOKkgCcITNCIDRSMUEuFmi8Nn8FQpPgxiriqScKF+n8hQKMQ09FRniORY/Pbm4l/eIJVBw81olKSSRHi5KEgZlDGcpwB9ygmWbKoIwpyqWyEeI46wVFkVVAhfn8L/SbdiWOdG7bpWal2s4siDY3ACysACNmiBK9AGHYBBCh7AE3jW7rVH7UV7XbbmtNXMEfgB7e0T/BmTVQ==</latexit>

�̃(x)
order parameters

disorder parameters <latexit sha1_base64="vKoDeF41Lo3fPQPChJZITuszP3o=">AAAB83icdVDLSsNAFJ3UV62vqks3g0Wom5D0Ydpd0Y3LCvYBTSiTyaQdOpOEmYlYQn/DjQtF3Poz7vwbpw9BRQ9cOJxzL/fe4yeMSmVZH0ZubX1jcyu/XdjZ3ds/KB4edWWcCkw6OGax6PtIEkYj0lFUMdJPBEHcZ6TnT67mfu+OCEnj6FZNE+JxNIpoSDFSWnJdRVlAXJ6W78+HxZJl2hXHqdvQMpvNplOvLolVbUDbtBYogRXaw+K7G8Q45SRSmCEpB7aVKC9DQlHMyKzgppIkCE/QiAw0jRAn0ssWN8/gmVYCGMZCV6TgQv0+kSEu5ZT7upMjNZa/vbn4lzdIVdjwMholqSIRXi4KUwZVDOcBwIAKghWbaoKwoPpWiMdIIKx0TAUdwten8H/SrZj2hVm7qZVal6s48uAEnIIysIEDWuAatEEHYJCAB/AEno3UeDRejNdla85YzRyDHzDePgE6VpHX</latexit>
µ̃(x)

<latexit sha1_base64="u5/oYbkELw379FGLi9SVa9+FZjs=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GWb6cNpd0Y3LCvYB7VAyaaaNTSZDkhHL0H9w40IRt/6PO//G9CGo6IELh3Pu5d57gphRpR3nw1pZXVvf2MxsZbd3dvf2cweHLSUSiUkTCyZkJ0CKMBqRpqaakU4sCeIBI+1gfDnz23dEKiqiGz2Jic/RMKIhxUgbqdXjSeH+rJ/LO7Zb9LyKCx27Vqt5ldKCOKUqdG1njjxYotHPvfcGAiecRBozpFTXdWLtp0hqihmZZnuJIjHCYzQkXUMjxIny0/m1U3hqlAEMhTQVaThXv0+kiCs14YHp5EiP1G9vJv7ldRMdVv2URnGiSYQXi8KEQS3g7HU4oJJgzSaGICypuRXiEZIIaxNQ1oTw9Sn8n7SKtntul6/L+frFMo4MOAYnoABc4IE6uAIN0AQY3IIH8ASeLWE9Wi/W66J1xVrOHIEfsN4+AZj6jy0=</latexit>

µ(x)

energy density
vacancy density

<latexit sha1_base64="4vy/jQTZjzglWL2t1Xp6nQBZW38=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzTDTh9Puim5cVrAPmA4lk2ba0EwyJBmxlH6GGxeKuPVr3Pk3pg9BRQ9cOJxzL/feEyaMKu04H1ZmbX1jcyu7ndvZ3ds/yB8etZVIJSYtLJiQ3RApwignLU01I91EEhSHjHTC8dXc79wRqajgt3qSkCBGQ04jipE2kt8jiaJM8OL9eT9fcGy35HlVFzp2vV73quUlcco16NrOAgWwQrOff+8NBE5jwjVmSCnfdRIdTJHUFDMyy/VSRRKEx2hIfEM5iokKpouTZ/DMKAMYCWmKa7hQv09MUazUJA5NZ4z0SP325uJfnp/qqBZMKU9STTheLopSBrWA8//hgEqCNZsYgrCk5laIR0girE1KORPC16fwf9Iu2e6FXbmpFBqXqziy4AScgiJwgQca4Bo0QQtgIMADeALPlrYerRfrddmasVYzx+AHrLdPjtORdw==</latexit>

✏(x)
<latexit sha1_base64="2x3mYiqUfrDRf1BbCjX5IMdENmc=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzTDTh9Puim5cVrAPaIeSSdM2NMkMSUYsQ3/BjQtF3PpD7vwb02kFFT1w4XDOvdx7TxAxqrTjfFiZtfWNza3sdm5nd2//IH941FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmF4t/M4dkYqG4lbPIuJzNBZ0RDHSqVS8Px/kC47tljyv6kLHrtfrXrW8JE65Bl3bSVEAKzQH+ff+MMQxJ0JjhpTquU6k/QRJTTEj81w/ViRCeIrGpGeoQJwoP0lvncMzowzhKJSmhIap+n0iQVypGQ9MJ0d6on57C/EvrxfrUc1PqIhiTQReLhrFDOoQLh6HQyoJ1mxmCMKSmlshniCJsDbx5EwIX5/C/0m7ZLsXduWmUmhcruLIghNwCorABR5ogGvQBC2AwQQ8gCfwbHHr0XqxXpetGWs1cwx+wHr7BBlqjk8=</latexit>

t(x)



Delta sum rule
<latexit sha1_base64="v47zq8sAtInikqi+EFZLLwbvaQw="></latexit>

� = � 1

4⇡h�i

Z
dxh⇥(x)�(0)i

<latexit sha1_base64="6hvOXTmTURpJx/J/W+7YxCKcD74=">AAACCHicdVDLSsNAFJ3Ud31VXbpwsAh1E5L6iN2JblxWsA9oQplMb9uhk0mYmYiluHTjr7hxoYhbP8Gdf+M0raCiBy4czrmXe+8JE86UdpwPKzczOze/sLiUX15ZXVsvbGzWVZxKCjUa81g2Q6KAMwE1zTSHZiKBRCGHRjg4H/uNa5CKxeJKDxMIItITrMso0UZqF3Z8TkSPA/av+qBJ6WYf+9U+Kzm+zPR2oejYbtnzjlzs2JVKxTs6mBDn4AS7tpOhiKaotgvvfiemaQRCU06UarlOooMRkZpRDrd5P1WQEDogPWgZKkgEKhhlj9ziPaN0cDeWpoTGmfp9YkQipYZRaDojovvqtzcW//Jaqe6eBCMmklSDoJNF3ZRjHeNxKrjDJFDNh4YQKpm5FdM+kYRqk13ehPD1Kf6f1Mu2e2wfXh4WT8+mcSyibbSLSshFHjpFF6iKaoiiO/SAntCzdW89Wi/W66Q1Z01nttAPWG+fpcmZJQ==</latexit>

h⇥(x)�(0i

<latexit sha1_base64="vQmyTDniwPqwEDRs7HAGNXOECaY=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmayOMkt6MVjAmaBZAg9nZqkTc9Cd48YhnyBFw+KePWTvPk3dhZBRR8UPN6roqqeF3MmlWV9GJm19Y3Nrex2bmd3b/8gf3jUllEiKLRoxCPR9YgEzkJoKaY4dGMBJPA4dLzJ1dzv3IGQLApv1DQGNyCjkPmMEqWl5v0gX7BMu+g4FRtbZq1WcyqlJbFKVWyb1gIFtEJjkH/vDyOaBBAqyomUPduKlZsSoRjlMMv1EwkxoRMygp6mIQlAuuni0Bk+08oQ+5HQFSq8UL9PpCSQchp4ujMgaix/e3PxL6+XKL/qpiyMEwUhXS7yE45VhOdf4yETQBWfakKoYPpWTMdEEKp0Njkdwten+H/SLpr2hVlulgv1y1UcWXSCTtE5spGD6ugaNVALUQToAT2hZ+PWeDRejNdla8ZYzRyjHzDePgF94o1s</latexit>x

Computed in terms of the 
Form Factors 



Lattice variable vs field operators

<latexit sha1_base64="zPJ+y7LLAYhlynQbE9m+iqPN+e0="></latexit>

Sex(x) ' A�th(x) +B �̃th(x) + irr



Exact predictions for structure functions

<latexit sha1_base64="T0MFfzO7vJ8XMpZpF1x6dKSEDIs="></latexit>

= h(A�(x) +B�̃(x)) (A�(0) +B�̃(0))i
<latexit sha1_base64="2P0cDXjykdQgOjo1oXT5N6G+uro=">AAACAnicdVDLSgMxFM34rPU16krcBIvQboZMH067K7pxWdE+oC0lk6ZtaCYzJBmxlOLGX3HjQhG3foU7/8b0IajogXs5nHMvyT1+xJnSCH1YS8srq2vriY3k5tb2zq69t19TYSwJrZKQh7LhY0U5E7Sqmea0EUmKA5/Tuj88n/r1GyoVC8W1HkW0HeC+YD1GsDZSxz5scSz6nMKr9G3GNJSBLTlTOnYKOW7W8wouRE6pVPIKuTlBuSJ0HTRDCixQ6djvrW5I4oAKTThWqumiSLfHWGpGOJ0kW7GiESZD3KdNQwUOqGqPZydM4IlRurAXSlNCw5n6fWOMA6VGgW8mA6wH6rc3Ff/ymrHuFdtjJqJYU0HmD/ViDnUIp3nALpOUaD4yBBPJzF8hGWCJiTapJU0IX5fC/0kt67inTv4ynyqfLeJIgCNwDNLABR4ogwtQAVVAwB14AE/g2bq3Hq0X63U+umQtdg7AD1hvnyc/lgk=</latexit>

hS(x)S(0)i
<latexit sha1_base64="sI2OAUjYdAjwbEu2t725Wdvh7nw=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4GmaymOQW9OIxglkgGUJPpydp0tMzdPeIYcg3ePGgiFc/yJt/Y2cRVPRBweO9Kqrq+TFnSjvOh5VZW9/Y3Mpu53Z29/YP8odHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6u537mjUrFI3OppTL0QjwQLGMHaSK1BSu9ng3zBsd1itVpxkWPX6/VqpbQkTqmGXNtZoAArNAf59/4wIklIhSYcK9VznVh7KZaaEU5nuX6iaIzJBI9oz1CBQ6q8dHHsDJ0ZZYiCSJoSGi3U7xMpDpWahr7pDLEeq9/eXPzL6yU6qHkpE3GiqSDLRUHCkY7Q/HM0ZJISzaeGYCKZuRWRMZaYaJNPzoTw9Sn6n7SLtnthl2/KhcblKo4snMApnIMLVWjANTShBQQYPMATPFvCerRerNdla8ZazRzDD1hvn7bKj1A=</latexit>ex

<latexit sha1_base64="2b3lgwUUJc6KPZFgW3y+vJxAZZs="></latexit>

= A2 h�(x)�(0)ith +B2 h�̃(x)�̃(0)ith + 2AB h�(x)�̃(0)ith



Exact predictions for structure functions

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

<latexit sha1_base64="eUkXv5gzAnao0R1y//jdBtYPDoI="></latexit>

DSS
ex (!) = A2 D��

th (!) +B2 D�̃�̃
th (!) + 2ABD��̃

th (!)



• Z2 odd (high-temperature)

• Z2 even (low-temperature)

<latexit sha1_base64="Um0/oEMi0xEiHcQHbC1z2x/Gvtg="></latexit>

D��(!) =

Z
ei!t h�(t)�(0)i

<latexit sha1_base64="v69wjba0bZcet2xAGlKb9IsD8T0="></latexit>

D��̃(!) =

Z
ei!t h�(t)�̃(0)i

<latexit sha1_base64="ljs5OM+inJDebG9uXbNUVUwnrdY="></latexit>

D�̃�̃(!) =

Z
ei!t h�̃(t)�̃(0)i

<latexit sha1_base64="NuC6LJwOI3EfS/eXM2aJgTNjmn4="></latexit>

Dµ̃µ̃(!) =

Z
ei!t hµ̃(t)µ̃(0)i

<latexit sha1_base64="Cs4QzZD3VApmlSfM9H85Aca6R0A="></latexit>

Dµ̃µ(!) =

Z
ei!t hµ̃(t)µ(0)i

<latexit sha1_base64="2xJpW4tG5lv6iPgv7r7lYrmmnOo="></latexit>

Dµµ(!) =

Z
ei!t hµ(t)µ(0)i

Exact predictions for structure functions



A1 A2 A3 A4

A1A1 A1A4 

A5 A6 A7

A1A2 A1A6 A1A5 

E7 Spectroscopy
odd
even
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Order parameter structure functions (High Temperature) 
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One-particle contributions
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Two-particle contributions



Disorder parameter structure functions (Low Temperature) 
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Disorder parameter structure functions (High Temperature) 
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Overall Perspective and Challenges
• Physics of spin 1 displays an interesting web of remarkable symmetries 

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

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

• Exact computation of structure functions, with their rich spectroscopy

• Detailed studies of the E7 structure of TIM

(E7, SUSY, duality, etc)

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

(Elastic S-matrix, exact mass spectrum, Form Factors, etc.)




