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EXTERNAL DRIVES AND CORRESPONDING FLOQUET COEFFICIENTS

The applied drive V (¢) is split into a DC and an AC part V(t) = Vg + Vi (t), where by definition V,.(t) averages
to zero over one drive period T

The AC voltage is handled through the accumulated phase experienced by the quasiparticles p(t) = e f dt' Ve (t
(with the fractional charge e* = ve). We use the Fourier decomposition of e~%(*) deﬁmng the correbpondmg
coefficients p; as
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We focus on three types of drives:
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where rect(z) = 1 for |z| < 1/2 (= 0 otherwise), is the rectangular function, and n = W/T (W is the half-width at
half-maximum of the Lorentzian pulse).

The corresponding Fourier coefficients of Eq. read, for non-integer ¢ = £ Vd‘:
Cosine p; = J; (—q), (S5)
2
Square p; = ;ﬁ sin [g(l - q)} , (S6)
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Lorentzian p; = qz

CURRENT AND NOISE IN THE WEAK BACKSCATTERING REGIME

Fractional quantum Hall (FQH) edges at filling factor v = 1/(2n + 1) are described in terms of a hydrodynamical
model [I] through the Hamiltonian of the form

H = Ho + Hy, (S8)

Hy = Z / dz (9:¢,)° (S9)
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Hy = —62‘7( /dz V(z,t) Osbr (S10)

where we apply a bias V(z,¢) which couples to the charge density of the right moving edge state. Here the bosonic
fields satisty [¢r,L(x), dr.L(y)] = ZinSgn(z — y).



These bosonic fields propagate along the edge at velocity vp and are directly related to the corresponding quasi-
particle annihilation operators ¢, (z,t) (x = R, L) through the bosonization identity
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where a is a short distance cutoff and U, are Klein factors.
Focusing first on the case where no QPC is present, one can derive the following equations of motion for the bosonic
fields

VUV (2,t) (S12)
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(Or +vp0y) dr(x,t) =
(Or +vp0y) pr(x,t) =

It follows that the effect of the external Voltage bias can be accounted for by a rescaling of the right-moving bosonic
field ¢gr(x,t) = ¢§§>( +ev f dt'V(a',t') (with gbg) the solution in absence of time dependent voltage) or
alternatively by a phase shlft of the qua81partlcle operator of the form
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where ' =z —vp(t — ).

Accounting for this phase shift, the tunneling Hamiltonian which describes the scattering of single quasiparticles at
the QPC (x = 0) in the weak backscattering regime is given by Hy = I'g exp (iue ff dt'V(vp(t' —t),t )) zDR( )L (0)+
H. c., with the bare tunneling constant I'y.

Considering for simplicity the experimentally motivated situation of a long contact, located at a distance d from

the QPC, one can write the bias voltage as V(z,t) = V()0 (—x — d) where V (¢) is a periodic time-dependent voltage.
The tunneling Hamiltonian can then be simplified as

__d
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Note that the time delay d/vg can safely be discarded as it corresponds to a trivial constant shift in time of the
external drive.
The backscattering current is readily obtained from Hr, after defining I'(t) = I'g exp (ie* ffoo dt'V(t’)) and e* = ve:

Ip(t) = ie* [r(tw;(o, )1, (0,) — H.c.} . (S16)

Expanding to order I'Z and taking the average over one period, the backscattering current becomes

2ie* 1’\0 2 4o wG(— T _ +3
Ip(t)) = — dre?v9! T>/ dt / at"v(t"
(Ig(t)) T (271_@) [W Te ; sin |e . ")

2

; (S17)

with G(t —t'), the connected bosonic Green’s function G(t —t') = (¢,(0,t)$,.(0,t"))., which reads at zero temperature
G(t—t)=—log [1 + iLF%—t’)].

The unsymmetrized shot noise is written in terms of Ip(t) [2] as S(t,t") = (Ip(t)Ip(t')) — (Ip(t)){(Ip(t")). To second
order I'2, the zero-frequency time-averaged shot noise becomes:
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The excess shot noise at zero temperature then takes the form
AS =8 —2e*(Ip(t))
e*To +7Z
( ) /dT/ —exp |2vG (—7) + ie / at"v(t") (S19)
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Splitting the voltage into its DC and AC part, and using the Fourier coefficients p; introduced in Eq. , one has
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where the zero-temperature expression of G(—7) has been used, which allows to perform the integration. As in the
main text, we also introduced the notations ¢ = ¢ Vie for the charge per pulse, A = vp/a for the high-energy cutoff
of the chiral Luttinger liquid theory and P, = |p;|* for the probability for a quasiparticle to absorb (I > 0) or emit
(I < 0) I photons [3].

At finite temperature, AS needs to be slightly amended,

AS =S —2¢* (I ()>coth(29)
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in order to get rid of the thermal noise (AS — 0 for large temperature). There, the reduced temperature is 6 = kBT
(© the electron temperature) and the finite-temperature expression of G (—7) has been employed.
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EXCITATION NUMBER AND SIGNATURES OF MINIMAL EXCITATIONS

The number of excitations created in a one-dimensional system of free fermions by the applied time-dependent drive
V(t) is given by the number of electrons and holes

N, = Z np(—k) (W), (522)
Ny = Z (k) (rvl), (S23)

where ng(k) is the Fermi distribution and vy is a fermionic annihilation operator in momentum space. Using the
bosonized description for v = 1 [see Eq. (S11J)], the number of electrons and holes becomes

Nesn :v%/ (;lf:it)z exp |:29(t —t) Ier/ drV ( )] (S24)

Minimal excitations correpond to a drive which excites a single electron, while no particle-hole pairs are generated
(N, = 0). Generalizing this to a chiral Luttinger liquid (a FQH edge state) [1], this excitation should correspond to
a vanishingly small value of the quantity

N = [ Gt —t "y S25
_UF/(QWCL) exp{ug( —t) +ie* /t' T (7)} (S25)
The excess noise [defined in Eq. ] is thus identified as the most suitable quantity to study minimal excitations.
At 0 = 0, one recovers in N precisely the excess noise, up to a prefactor which depends on the tunneling amplitude
[see Eq. (S19)] [4]. At 6 # 0, thermal excitations contribute substantially to A/, motivating us to include a correction
[the coth factor in Eq. ] which gets rid of this spurious contribution in the high temperature limit.

NON-PERTURBATIVE TREATMENT AT v =1/2

The Hamiltonian is identical to that of Eqs. - Introducing new bosonic fields ¢4+ = "5""\7‘“, it becomes:
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This form of Hr (specific to v = 1/2) allows us to refermionize the €'~ field, and to decouple ¢, following Ref. [5]. A
new fermionic field ¢(x) and a Majorana fermion field f, which satisfy {f, f/} = 2 and {f,¥(x)} = 0, are introduced.
These obey the equations of motion:

—iat¢($7 t) :WF@M/}(% t) + F(t)

f)d(z), (S28)
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Solving this set of equations near the position z = 0 of the quantum point contact (QPC), one can relate the fields
1y and 1, corresponding to the new fermionic field taken respectively before and after the QPC:

—i0, f(t) =2
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The backscattered current is the difference of the left-moving current after and before the QPC:

ev
Ip(t) = SF vl (wn(t) — vl (B)a(t)] (s31)
After some algebra, the time-averaged backscattered current becomes:
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where U(z) is the digamma function, and the dimensionless tunneling parameter is v = IFO‘QQ.
Tav g

Similarly, the zero-frequency time-averaged shot noise defined in Eq. (S18)) takes the form:
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Finally, the excess shot noise is obtained using the known 6 = 0 DC results [5] for the backscattered current (Ip)qc
and corresponding zero-frequency noise Sge:
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where we introduced £ = % This allows to express the DC noise, not as a function of the applied bias, but rather

as a function of the charge Oar = At(Ip)q. transferred through the QPC over a given time interval At

Ot 625 <47T QAt)
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The excess noise at § = 0 associated with an arbitrary drive V (¢) is then defined as the difference between the
photo-assisted shot noise (PASN) and the DC noise S4.(Qr) obtained for the same charge Qr = T(Ig) transferred
during one period of the AC drive

2
AS =S —2¢*(Ip) + (eT) 27 sin <fyTe*<IB>> , (S37)

where we reintroduced the effective charge e* = e/2.



HONG-OU-MANDEL COLLISION OF LEVITONS

A periodic voltage bias is now applied to both right- and left-moving incoming arms of the QPC. We focus here
on single leviton collisions with identical potential drives, up to a tunable time delay 7. The drives are periodic
Lorentzians with a single electron charge per pulse (¢qr = ¢ = 1). Using a gauge transformation, this amounts to
computing the noise in the case of a single total drive Vo (t) = V(t) — V(¢ — 7) applied to the right incoming branch
only.

In the context of electron quantum optics, a standard procedure is to compare this so-called Hong-Ou-Mandel
(HOM) noise to the Hanbury-Brown and Twiss (HBT) case where single levitons scatter on the QPC without inter-
fering, leading to the definition of the following normalized HOM noise [6), [7]

SV(t)fV(tf'r) - Svac

A = .
Q) Sv) + Svt—r) — 28vac

(938)

Thermal fluctuations are eliminated by subtracting the vacuum contribution Sy, to each instance of the noise.
Taking advantage of the gauge transformation, we use the expressions for the noise established earlier in the
perturbative and the exact cases. This calls for a new set of Fourier coefficients p; associated with the total drive

VTot (t):
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where z = e~2™ and the Fourier coefficients p; corresponding to a periodic Lorentzian drive V (¢) with ¢ = 1 take the
form

p =0 (l + 1_) 2t (1 — 22) — 0,17, (S40)

with 0y (x) the Heaviside step function.
In the WB case, the PASN is given by Eq. (S18)), which gives at finite temperature
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while the vacuum contribution reduces to
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Combining the results from Eqgs. (S38) through (S43|), we obtain for the normalized HOM noise

B sin? (%)
AQ(r) = sin? (%) + sinh? (271'7]). (S44)

Remarkably, this result is independent of both temperature and filling factor. Indeed, thermal contributions factorize
in the exact same way in the numerator and denominator, leading to a universal profile. This result also corresponds
to that of Ref. [§] for v = 1.

APPLYING THE VOLTAGE BIAS TO A POINT-LIKE OR A LONG CONTACT

In the main text, we focus on the experimentally relevant case of a long contact [8] where electrons travel a long
way through ohmic contacts before reaching the mesoscopic conductor, accumulating a phase shift along the way. In



a previous work [4] however, the authors consider applying the voltage pulse through a point-like contact. Here we
show that these two approaches are equivalent.

Indeed, one can see starting from the Hamiltonian , and solving the corresponding set of equations of motion
for the fields that the external bias can be accounted for by implementing a phase shift of the quasiparticle operator,
which we recall here

(@, t) — r(e,t) e e S V(2O (545)

Several choices for the external drive V' (z, t) are thus acceptable, provided that the integral fjoo dt'V(x—vp(t—t'),t)
leads to the same result. Indeed, this phase shift is the only meaningful physical quantity, which gives us some freedom
in the choice of V(z,t). We further consider two different options.

In the present work, we apply the voltage to a long contact, so that Vi (x,t) = (—z —d)V (t). This leads to a phase
shift of the form

x+d
t— v

/tdﬂﬂx—wa—wjﬁz/¢dﬂﬂ—mﬂmu—w—dWWU:/' dt'v(t"). (546)
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Following now Ref.[4], one can recast the single particle Hamiltonian defined in their Eq. (4) into a form similar to the

one presented here in Eq. (S10]) provided that one defines the applied voltage drive as Vo (z,t) = vpd(z+d) fioo drv (r).
This, in turn, leads to the phase shift

f_ztd

/_ dt'Va(z — vp(t — 1), ¢') = /_ At 0rd(z — ve(t — ') + d) /_ drV(r) = / T arv(r)  (S47)
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One thus readily sees that at the level of the phase shift experienced by the quasiparticles as a result of the external
drive, the protocol presented in Ref. 4l and the one presented in the text are completely equivalent.
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