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DERIVATION OF THE EFFECTIVE NON-HERMITIAN HAMILTONIAN

In this Supplemental Material, we derive the effective Hamiltonian from the full Hamiltonian where both |+) excita-
tions are considered. According to Fig. 1, in the subspace spanned by the states {|£000),|0 & 00),]00 % 0} ,|000=£) },
the system is described by the following full Hamiltonian

. t_ ;i o - 2ip14
% — iy t_ t_ = 0 weZiP1z qe2ivis wel 70 3
t_ 2i 2 we?'P24
t_ A t_ = we P21 we Y23
2 3V3 ) 0 3V3
t_ t_ % t_ wetPst  qpe2ies: 0 weipsa
t_ t_ A wetPral we2tPaz 2ip43
Hen — 8 33 t- 2 8 3V/3 we 0 1
full = —9; —92; we2i¥14 A . t ( )
0 we” =12 e X3 g —5 iy iy iy 5
—2itp21 —2itp23 we 24 _é 7t+
we™™ O_ we 33 T4 5 14 33
we 2131 qpe~2ies2 0 we ™ 21#34 iy ty —% ty
—2ipg1 we ~2tP4a2 —2 t t
we we 2ipa3 i+ + _A
8 svs ¢ 0 8 33 by 2

The parameter A is the energy difference between the state |+) and the state |—). The hopping amplitudes are given
by
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Additionally, the van der Waals interaction is neglected in the parameter regime we consider, since it is much weaker
compared to the resonant dipole-dipole interaction.

By defining the creation and annihilation operators on site i, al |0) = |—), and bl 0) = |[+),, the Hamiltonian is
expressed as
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Hyan = —iy (a{al + bibl) + %Z (alai - bjbi) + Z (
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We work in the regime with A > ¢, w, so that when we take |0 — 00) as the initial state, the system primarily

remains in the subspace spanned by the states {|—000) , |0 — 00), |00 — 0), |000—)}. Adiabatically eliminating the |+)
excitations thus lead to the effective Hamiltonian

Heg = Zfsia;rai + Z tizeialay, (5)
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where ¢; are the self-energy terms
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and tijei¢'if are the hopping terms, which satisfy ¢;; = ¢;; and ¢;; = —¢;;, with

2
tlzewﬁ?‘ =t_+ w- (62i(¢23_¢31) + 6273(%024—9041))
A

24+/3

e
PRRTR | S SE D WA U E R E A (10)
A 2 2 24v/3\2 2
, 2 , 1 5
t13€1¢13 —t wZ ( 2i(p32—p21) + 862z(¢34—§041)>
2 [/ 3\ 1
:t‘+wZ (—24—2'\2[)—!-8 : (11)
. t_ w 1
t 1¢14 = e - = 21(4742 @21) 2L(¢45 ijl)
14€ A (3\/5 te
_ w2 1
w1 12
8 A ( 3V3 ) "
) w2 A ; 1 i
fonpi®2s — ¢ Zilpar—erz) 4 2i(paa—waz)
23¢ tA (A+w 3V3
Ly ety (1 VBY 1 (18 (13)
St A a2 9 2 3v/3\2 2 ’
) t_ w2 /1 A ; i
t iPoa — — [ s —eilea—ez) Pilpu—poz)
ue™ =BT A (8A+we e
S P B S A WY (e G (14)
, w2 (1 A ; 1 i
; idse _ . w LA i —p13) _ = 2i(paz—p23)
34€ + A (8A+Z"ye +3\/§€
2 (142 -iA 1 (1 3
:t_+w : 1 7+ 7—|—’L£ 3 (15)
A8 A2442 T 3./3\2 2




	Supplemental Material: Tuning excitation transport in a dissipative Rydberg ring
	 Derivation of the effective non-Hermitian Hamiltonian


