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Tunneling of electrons of definite chirality into a quantum wire creates counterpropagating excitations,
carrying both charge and energy. We find that the partitioning of energy is qualitatively different from that
of charge. The partition ratio of energy depends on the excess energy of the tunneling electrons (controlled
by the applied bias) and on the interaction strength within the wire (characterized by the Luttinger-liquid
parameter k), while the partitioning of charge is fully determined by . Moreover, unlike for charge
currents, the partitioning of energy current should manifest itself in dc experiments on wires contacted by
conventional (Fermi-liquid) leads.
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SETUP

Electrons tunnel from top wire
(blue) Into bottom wire (green)

Right-going (blue) into left-going
(green) only
P—p+teA

(px 7 Dl 6yB)
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With interactions, excitations are density waves p+ ()

electron excitations have a finite lifetime: Spectral function is not sharp




HAMILTONIAN

Description by bosonic fields
¢(x) < pi(z) +p-(z)  0(x) xpi(z) —p-(2)
vLlan)—= iR as Wil s




HAMILTONIAN

Description by

bosonic fields

o) < py(z) +p-(z)  O(x) < py(z) —p-(2)

Qi (:13) — (9(33) o

- p(x) /K

Hamiltonian wire
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HAMILTONIAN

Description by

bosonic fields

o) < py(z) +p-(z)  O(x) < py(z) —p-(2)

Qi (:13) — (9(33) o

- p(x) /K

Hamiltonian wire
U 2
H=_ /dx;(vea)

Tunneling Hamiltonian

Il — t/sdzc {w};(a:

Js(z) + h.c.}




PARTITION OF CHARGE
CURRENT

Total charge current: I[(z,t) = = [Hr, p-(2) + p+(z)]
| eft-going current: I_(z,t) = % Hr, p(2)] = - ; -

Right-going current: L (z,t) = g Hr, py(z)] =




PARTITION OF CHARGE
CURRENT

—
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Electron coming in (Charge |, momentum mve)
Figenstates are CDWs (Charge Q+, momentum mc=mv#/K)

Conservation of charge and momentum

mve = Q+mc-Q-mc

@ =C =]
Gives Q+=(1+K)/2 and Q-=(1-K)/2
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PARTITION OF CHARGE
CURRENT
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In the leads: I.(x,t) = I(x,t), I_(z,t) =0




LOOK AT ENERGY CURRENTS

Definition energy current:

B s es U_F/ 9.)2
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Definition energy current:
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LOOK AT ENERGY CURRENTS

Definition energy current:
I:I: —i) [HT 47T /dﬂ? (V@i) ]

lo leading order in tunneling

Qitst
WLl / / / dcuq{GJr kg €S — Wq)

><G§k(es eV) —I—Gikiq 65+wq)G§k(es eV)}

Greens functions are given by
G (o) = =A==t C) Ay oc lwep ck|Pa | ek 2ol ENE )

p=(k+r—2)/4




COMPARISON ENERGY AND
CHARGE CURRENT

Ac
<.@ @ ) O,
V—-'L— ¢ I, IE V — — — |-\
Q T <~ QLT Q.LIf — ) |

Differential conductance

Energy current Charge current

RVES VIl ] d{(Ilt)/dV
d<1i>/dV —§(eVickv) (D) /v = Q+




CONSERVATION ARGUMENT

Electron with energy > Fermi energy

Ac
\\X e =clky|+ clk_] e — o
N
SO energy In density waves

g — C‘ki’ — (6 C Ckv)/Q

Condition for energy going to the left, charge going to the right:
eV =~ —cky and Q)L = 1




MEASURING ENERGY CURRENT

(a) == e Energy In density waves
. @ @ N B 5/ 4
e R e
§) -« Q_LIF Q.1 If — ) €:|: T C‘kﬂ:‘ = (E I Ckv)

: . R/L
Tunneling possible for: €+ > it

With Fermi leads

For low energies: Rg = (¢ — vr)?/(c+ vr)?

For high energies: Reflection exponentially suppressed
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