The spectrum of an asymmetric annihilation process
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Introduction

» Recently Ayyer and Mallick studied an asymmetric annihilation
pProcess.

» They determined transfer matrices and the partition function.
» They conjectured the spectrum of this process (including
multiplicities).
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Figure 1: Right shift and annihilation in the bulk with rate 1
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Figure 2: Right shift and annihilation on left boundary with rate a
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Figure 3: Annihilation on right boundary with rate 3

» We prove the conjecture by generalizing the original.

» We outline a derivation of the partition function in the generalized
model, which also reduces to the one obtained by Ayyer and Mallick
in the original model.

Theorem and Conjecture (Ayyer and Mallick)

» Theorem: The partition function of the system of size L is given by

z, =231 + 20)1(1 + B (2a + B).
» Conjecture:
det ML — A1 = AL(A)AL(A + 2 + B)BL(A + B)Br(A + 2a),
L/2] L/2]

AN = T 0 +260)G), Bi(A) = TT (A + 2k + 1) (e,
k=0 k=0

(see reference below)

Main Theorems

» Spectrum:
det M (a, 3) = det[Ai(a) — BL(B)] = || (Apa — 877 - b)
beBL
where Ap = > cp(—1)2€ .
» This implies the original conjecture.
» Partition function:

Z(Ot, /B) — H ()\ZA + 3= - b)
0£bcBL
Where A;; — 2 ZC:b-C=1 (8 %,

Partition Function for a Model with Inhomogeneities

» The transitions in Flg. 1 at bond j occur with rate 3;
» The transitions in Flg. 2 occur with rate «

» The transition in Flg. 3 occurs with rate 8.

» In this case the partition function is

Zi(o,B)= ] @a+8)- ] Bi+5))

1<j<L 1<i<j<L
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Examples of Transition Matrices

x Bal
0 x 1«
alx (3
0a0 x

OO0OO0OQ OO O *
OOQ OO0 *x @
5 OQ OO = O
Q OO0 Ho=-
OO0 O =00
< OO X W =00 O
O - O0Q O=
* L O =0 O=0O

Diagonal elements x have to be set such that the c_olum SuUmSs anisﬁ.

Inductive Structure of the Transition Matrices

, and 1 is the identity matrix of size 2F. Then

M1 — a(oc @ 1._5) al; 1+ (c Q@ 1._2)
ol M_1—1_1—a(lc®@1.2) |’

where M is a 2 x 2 block matrix made up of matrices of size 2--1.

Definitions for Bitvectors b = (by,...,b.) € B*

ob = bbbl — ob1 & ob2 o L. @ b

A[_(Oz) — Z Qp O'b
beBtL -

¢j:b1... blb[_l—>b1 bj...b[_
Vj: b= @jpjb
Pri= Y |b){(b|—|v(b)){b]

beBL

Bu(B) = ) BiPuL

1</<L

Mi(a,B) = A(a) — Br(B)
A:b— b= {Z1§i§L—j+1 bi}

1</<L
Idea of Proof

~ H.: Hadamard-transform of order L: H = 2-L/2

» A diagonalizes under H;
» B becomes lower triangular under a suitable reordering of H;

H. - B(8) - HL = B§(3*")
> FI,_ IS H; In the basis {bA; b c IB%’-}

lllustration of the Theorem for L = 3, 3 = (3, v, 9)

b bA

000 000 [
001 100 |
010 110 [-
011 010 |
100 111 [ |
101 011 [+ — — + -
110 001 |
111 101 | |

E.g., b = 101 contributes the factor
Qupo0 — X001 — 1010 — Q11 + Q100 — QX101 — Q110 — Q111 — 3 — 0.
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