Resonance and Revivals in Quantum Rotors ---
Comparing Half-integer Spin and Integer Spin

Alvason Zhenhua Li
William Harter
Microelectronics-Photonics Program, Physics Department
University of Arkansas, Fayetteville, AR 72701

68th Spectroscopy, June 20, 2013




Outline

Motivation

| Half-integ

\_

~ (Symmetric

er

T 2n 3n 4n

68th Spectroscopy, June 20, 2013




Motivation

z-Component of J

=m|)

J(J+

/ Vagnitude
| ofJ:
T | ) = s+ 1) ;)

Quantum Rotor

(c) |
Sy (] () e

(LIR(ay)|.)= D}, (ar)=

YU+ =)+ m)! (= m)! = (j+m=k)(n—m+k)k!(j—n—k)!

(b)

Lab z-axis fixed

; Body Z-axis
in|Lab ; !
7 r 4 uncertain
- ’
m

W. G. Harter, Princ

Initial State

Final States

3
3/20



List-plot Wigner-D Matrix ---- a Rotational Matrix for Any Spin

(=3 (o= &) (2= 3)
10 _'_""""g‘,TI | 10 =====-==-'TTI ‘[TT-= 10....--”TI ITT'- oo v
Gal | 1. W% A POT A s T P DR
T (S PPDRIDON i ki DG & (OB Al RIS, & PO 5 i SO s o O
_______ L P, L -gee.ofTroeff..TYGTTf PTG, IO G P i
_____g‘,ff,',va,,,I \'=.fft=_r,'rq'ry=TT P ol (OO, 3, UG SO, ¢ IO 5 s O
5 etlle te 1t TT el .. Tr-or.Ur-q;-.rz);_Ils:so slatlo et or 0o ve ol
1 Uncertainty=15. 1
s O N vy © P |
; N | - *
-“-,;r..m.f.re;l. o J=20 J=20 |
TN YR PR P % L I B Y g
& 0_-.1T.-1‘r-1‘r-,Tr.-_§,' e ! {.3:45'8,
cele v 0,0 0,10, B 20 .10 5 20 10 | [P oo 2
-!TT=T.T¢T=T¢.119-==-§ : g : m' 1_ ¢ 3‘.1. : , m'
o P o £ — ‘< Semi-classical — > g
s i W. G. Harter, Quantum Lecture Manual  regions l '-'E(—
_STI,T=T.9T=91T7.=,=,= _sTv.T_hgr.-hgtTf.eg _5.7T1=97_n=99vn=fh.
X R DR o PO | L 2 L s R, o O LA O L POT PEL I DE A
_T.oT..TTT.-= ''''' TTY'QT-.TvvoTTT.cvv_ sol Tess Ve s PupelTey
FUEIE 1 € PP A PP S T s T T¥ s pa e Lot Thae .
MK N P T DTS K T T g T [ g (i T T dogpanr e
—10le] lteesrerrrrrrees ~10lyp 2t ] 16 7T SOOI Solepsseat T | [Ty
-10 = 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
m, m, m,

68th Spectroscopy, June 20, 2013
A. Z. Li, Quantum Resonant Beats and Revivals in the Morse Oscillators and Rotors, Ph.D. thesis, University of Arkansas (2013"(20



Density-plot

(3K - %)
[ | P R S O O e =-9TI | 10 ========A!TTI' T?-=
........... .,T]Ir‘t . et [ vl s
I . R ML TG S P W
TR ., i | S, 74 | ¢ i R L eantaat s ¥l
______ _-ertva_f.qu '_onT_-fo'fvvfr_TT
A e P% s R Bk Sleeestle etoir o tael
(1Dnnl at p= 7)) (1Dl at p= 3F)
30f e B e

20+

10}

—10!

—20!

30

220 <10 0 10 20 -30 =20 -10 0

m, m,
T TTTT.-==='_='=== ..TITrg.TTTTo”:,H,:
—IO?I I..T?vvvvvvvvvvvv -10 ?T?T T.’?Tf’?vvvvvv
-10 -5 0 5 10 -10 -5 0 5 10

m’- m"

A. Z. Li, Quantum Resonant Beats and Revivals in the Morse Oscillators and Rotors, Ph.D.
68th Spectroscopy, June 20, 2013

Wigner-D Matrix ---- a Rotational Matrix for Any Spin
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Density-plot Movie
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Wigner-D Matrix ---- a Rotational Matrix for Any Spin
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Rotor Wave Functions of Integer Spin (Boson) System
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Dynamics of Integer Spin (Boson) System
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Space-Time-plot Rotor Wave Packet Propagation of Integer Spin (Boson) System
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Half-integer Spinning Rotors exhibit Farey-sum Revivals
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Unique 41 Rotation

Rotor Wave Functions of Half-Integer Spin (Fermion) System
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J=5/2 Rotor Wave Functions of Half-Integer Spin (Fermion) System
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Dynamics of Integer Spin (Fermion) System
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Space-Time-plot | Rotor Wave Packet Propagation of Half-integer Spin (Fermion) System
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Half-integer Spinning Rotors exhibit Farey-sum Revivals
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The coming next talk will address the curious connection of Farey-sum and Ford-circles
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