Did you know he has a Lamborghini? Francesco's Work, Life and
(some) Secrets plus New Results on Minimal Form Factors
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We have done some work together!

* M. Mazzoni, O. Pomponio, O.A. Castro-Alvaredo and F. Ravanini, The Staircase Model:
Massless Flows and Hydrodynamics, J. Phys. A54 404005 (2021), arXiv:2105.13349.
Part of the Special Issue on Hydrodynamics of Low-Dimensional Quantum Systems.

* O.A. Castro-Alvaredo, C. De Fazio, B. Doyon, and F. Ravanini, On the Hydrodynamics of
Unstable Excitations, JHEP 09 (2020) 045, arXiv:2005.11266.

* O.A. Castro-Alvaredo, B. Doyon and F. Ravanini, Irreversibility of the renormalization
group flow in non-unitary quantum field theory, J. Phys. A0 424002 (2017). Part of
"John Cardy's scale-invariant journey in low dimensions: a special issue for his 70th
birthday", arXiv:1706.01871.

* D. Bianchini, O.A. Castro-Alvaredo, B. Doyon, E. Levi and F. Ravanini, Entanglement
Entropy of Non Unitary Conformal Field Theory, J. Phys A48 (2015) 4 A4FTO1. This
article has appeared on IoP "Highlights of 2015". arXiv:1405.2804.


https://arxiv.org/abs/2105.13349
https://iopscience.iop.org/journal/1751-8121/page/hydrodynamics-of-low-dimensional-quantum-systems
https://arxiv.org/pdf/2005.11266.pdf
http://iopscience.iop.org/journal/1751-8121/page/John-Cardys-scale-invariant-journey
http://iopscience.iop.org/journal/1751-8121/page/John-Cardys-scale-invariant-journey
http://iopscience.iop.org/journal/1751-8121/page/John-Cardys-scale-invariant-journey
https://arxiv.org/abs/1706.01871
http://iopscience.iop.org/journal/1751-8121/page/Highlights-of-2015
http://arxiv.org/abs/1405.2804
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* Let me spend 5 minutes on one of our collaborations, in fact, our first one
[Bianchini, Castro-Alvaredo, Doyon, Levi & F. Ravanini'15]

* This was initiated by Francesco as part of the MSc project of Davide Bianchini
[Bianchini & Ravanini'ld]. They studied the EE of the Forrester-Baxter non-
unitary RSOS models by corner transfer matrix (CTF).

* They found that the CTF computation was predicting the usual saturation
constant for entanglement (CTF gives the EE of a semi-infinite line) but the
coefficient was different:

* This was interesting because in many other contexts (ie free energy of TBA) we
know that the central charge ¢ generalises to the effective central charge

in hon-unitary models where ¢ may be O or negative [Itzykson,
Saleur and Zuber'86].
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* In our paper [Bianchini, Castro-Alvaredo, Doyon, Levi & F. Ravanini'15] we found a
consistent CFT derivation for non-unitary CFTs leading to the formula

cqln+ 1) Y 2 Wwhere p IS related to the
log— + plog(log—) properties of the operator
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Sa(0) =

* We also proposed a rewriting of the Rényi entropies in terms of composite twist
fields, one of the first uses of this kind of field in the context of entanglement
(now very popular in the context of symmetry resolution).
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* In Fabio's talk we have just learned about a particular type of CDD factor:

S (0) = SyO)D(0), a = {a,ay,...}

®,(0) = exp[—i ) aym* sinh(s0)]

sES

* We know however that an S-matrix such as that of the sinh-Gordon model is

also a CDD factor.
1 i7B
tanh 3 ( — T)

S5(0) =

2

tanh% («9 + i )
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Sinh-Gordon S-Matrix

* So, the sinh-Gordon S-matrix has exactly the form

0
Sa(é’) — SO(H)(I)a(Q), a = {Cll, az, } 1
o
(ID(SXG(H) = exp|—i Z (xsmzs sinh(s6)] T -1
SES . —2%
_3;
with $5(0) = — 1 and —_41:.0
9 475! sbr
aAm-— = COS 7 * The sinh-Gordon model can be seen as the
: 5 Ising model perturbed by an infinite
with s =1,3,5... number of irrelevant perturbations for

carefully chosen couplings [LeClair'21; Ahn

& LeClair'22]
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Minimal Form Factor

* From Fabio's talk we have already seen that the MFF of TT-perturbed theories has

the structure [OC-A Negro & Sailis’23]:
mln(e a) - mm(e O)(p(e a)

§0(6’ a) — e_mz:ze . am** sinh(s6)+ ZSE Sfﬁsmzs cosh(s0)
— ¢~ 371108 P0Cy0) with 9 =iz — 6 and Cy0) = o X, Bm? cosh(s6)

* There are several properties of interest:

1. The solution is very simple and general. The minimal form factors gets modified
by a universal multiplicative factor, just like the S-matrix!

2. The solution depends on additional parameters not present in the S-matrix. In a
sense, it contains its own CDD factor
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* Since the sinh-Gordon S-matrix can be written in the "TT-form" then it

follows that the sinh-Gordon MFF should somehow admit a “TT"
representation as well.

®* This is indeed the case:

F50(0) = FRM(@)e~2 0t ¥ OC6(9)  with 9 = im— 0

min

* Let's have a closer look at all these functions.....
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1 1+b 1—-b
w(P) = = log 2 + log cosh + log [coshﬁ + sin —]
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log F*7 (9) log Fifiil?g(ﬁ)
1. v 1+0b b 1—-0b b
w(P) = 5 log 2 + log cosh 5 = 1_ log [cosh ¥ + sin %] -2 log [coshw? — sin %

19 icos T2 — sinh ¢ i o -
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* It is useful to recall what the typical representations of this same function look
like [Fring, Mussardo & Simonetti'91]:

Frin(B,B) = N exp

* Integral Representation -8/00 4z sinh (22) sinh (2(1 - 2)) sinhZ _ (:BB)-
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* Infinite Product of Gamma Functions Representation
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* It is useful to recall what the typical representations of this same function look
like [Fring, Mussardo & Simonetti'91]:

* Integral Representation

[ ;o0 drsinh (22) sinh (2(1 — £)) sinh £ ;
5.3« 7 e o [ 00 ) 50 ) s o
0 I sinh” x 27

* Infinite Product of Gamma Functions Representation

Fon(8.B) = T C+3+2)P(k+i+2+2 )T (k+1- 2+ 2)
min (3, eo| T (k+ 3+ 2 )P (k+2 -2+ 2 )T (k+1+2+ )
* Mixed Representation . (1+ ( b2 )2) (1+ ( BézﬂB)z) (1+ ( 3/2"3)2) k41
- Fmin(ﬂ’B) — NH "+§ : k-l:E_T : kqj1+7 :
B=b-1 _(H (&) ) (1+ (=) ) (1+ (2, )

—_— g oo dpsinh (22) sinh (£(1 — £)) sinh , 3\
ﬁ — l][ ﬁ « exp 8/ " A (4) (2( 2) 2(N+1_Ne—2:r)e—21\1: Sin2 (ﬁ)
0

T sinh? z
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w(P) =

1 1+0b
— log 2 + log cosh + log [cosh v + sin —

— Qlog [zCOST _Smhﬁl : [L ( e m’) — Lig (z’e”"‘%b) +

27 i cos 5 + sinh ¥ Am

How does it Compare?

+ Lis (_z-819+z-"§’-b) ( I+iZ ) X
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1 log [coshﬁ — 8in —
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Gordon.

* We have found that there is a new representation for the MFF, which is totally
explicit, convergent and numerically efficient, given in terms of elementary and (a
finite number of) special functions. [This was both sudden and unexpected to mel]

* Having this representation for sinh-Gordon means that we effectively have it for every
diagonal IQFT since the S-matrix and MFF of sinh-Gordon is a "standard block" for
more complicated theories [Dorey, Exact S-Matrices'98; Mussardo, Book'10]

* This work also proves that the MFF "CDD" factor Fabio spoke about plays a crucial role
in standard theories. It actually ensures that the MFF has “desirable asymptotics”

rather than the unusual asymptotics of the MFF for a single TT-perturbation.
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