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Some ways to picture AMO eigenstates

ePotential Energy Surfaces (PES)

eecronic N\ N Y Y\
vibrational \/ \><‘

vibronic M

*Rotational Energy Surfaces (RES)

pure rotational (centrifugal) effects

rovibrational (centrifugal and Coriolis) effects

rovibronic (centrifugal, Coriolis, and Jahn-Teller) effects

e Generalized phase spaces
vibrational polyad sphere

high energy pulse state space



Born-Oppenheimer-Approximate (BOA)
Potential-Energy-Surfaces (PES)
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Born-Oppenheimer-Approximate (BOA)

74877 stuff ““SLOWstuff
Wy(g)(xelectron, xynuclei )= (x(X...)...) " NyeX...)

Compare BOA to unentangled state: |€[[n[=|€,n
We(x) Ny (X)=Lx[elllX|n =L, X]e,n

SiIIlpl@St entangleé, state: (‘8 |r] 'H g |r| ’ ]/\/2 (it only takes two to entangle)
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Generalized BOA dependency
Rotational-Energy-Surfaces (RES)
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Compare wave Products:

Lab “hook—up” versus “BOA-constricted bod” BOA
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Multiple-RE surfaces: Using semi-classical geometry...
Can we describe internal-rotor molecules and their spin symmetry?
Can we describe hyperfine spin dynamics?

The Simplest Cases:
Rigid top with one body fixed “Gyro” (one spin-1/2, one CH

Y )




Multiple-RE surfaces: Using semi-classical geometry...
Can we describe internal-rotor molecules and their spin symmetry?

Can we describe hyperfine spin dynamics?

The Simplest Cases:
Rigid top with one body fixed “Gyro” (one spin-1/2, one CH,, ...)

J. Chem. Phys. 101, 2710 (1994) - T ]
Rotational energy surfaces of molecules exhib_i;ingl intern_al lfotation

Juan Ortigoso® and Jon T. Hougen . : - _
Molecular Physics Division, Na;iona( Institure of Standards and Technology, Gaithersburg, Maryland 20899
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One of the first Applications of
Multiple RES introduced in Comp.Phys.Rpt. 8,319(1988)

| Problem: Mathematica graphic engines were not terrific!
(..and Los Alamos graphics was too $8expensive$$)
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Rotor R PLUS “Gyro” Spin = S EQUALS Compound Rotor J= R+S
Compound Rotor Hamiltonian: Rigid rotor with body-fixed “gyro”...
In general, this term is the difficult part...

24 BR 24+CR.2 “ -
H=AR, +BRy +CR“+...+(coupling or constraint)~+...+B S-S

Zero-Interaction Potential ‘Proximation (ZIPP) .-.but suppose it’s zero!
Constraints do no work.
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Rotor R PLUS “Gyro” Spin ©~ S EQUALS Compound Rotor J= R+S
Compound Rotor Hamiltonian: Rigid rotor with body-fixed “gyro”...

In general, this term is the difficult part...

24pp 24cp 2 - -
H=AR, +BRy +CR“+...+(coupling or constraint)+...+B S-S
...but suppose it’s zero!
Zero-Interaction Potential ‘Proximation (ZIPP) Constraints do no work.

. (ZIPPed)
Let:R=J - S and consider non-constant terms /[ignore gyro S terms that are constant)
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Coriolis effect™ subtracts linear or Ist-order J, or T' terms for gyro-rotor H
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Rotor R PLUS “Gyro” Spin /; EQUALS Compound Rotor J= R+S
Compound Rotor Hamiltonian: Rigid rotor with body-fixed “gyro”...

In general, this term is the difficult part...

24pp 24cp 2 “ .
H=AR, +BRy +CR“+...+(coupling or constraint)+...+B S-S
...but suppose it’s zero!
Zero-Interaction Potential ‘Proximation (ZIPP) Constraints do no work.

. (ZIPPed)
Let:R=J - S and consider non-constant terms [ignore gyro S terms that are constant)

H=A(J x-S x)2 +B(. .]y-Sy)2 +C(J Z-S 2)2 +... 10 (for constraint) ... F(constant BS terms)
H=A4J x2 ‘|'B.fy2 +CJ 22 +... -2/%.] xS x-ZEinSy-Z C;.] ZSZ+' .. T (more constant terms)

“Coriolis effect“ subtracts linear or Ist-order J,, or T' terms for gyro-rotor H

BR? to B(J-S)Z is analogous to p?/um to (p-eA)?/2m gauge-transformation
...J*S is analogous to ep*A
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RE Surface forlst-order J, or T term is a cardioid displaced in J-direction
Energy sphere intersections are concentric circular precession paths
All paths precess with the same sense around gyro S-vector

Fixed Points for J lie on “North” and
“South” poles of RE surface

precessing |
Linear

Harmonic
precession
______Spectra

Lowest RE for

gyro-rotor at
Nouth pole
fixed point

Highest RE for
gyro-rotor at
South pole

fixed point



Prolate Rotor R MINUS “Gyro” x-Spin §,

Low enerqy along S High energy against S
- |R| is small if . |R| is large if
|J| IS constant |J| IS constant

High
rotor

S is fixed IRl is large

—

IJI is constant




Spin gyro S=(1,1,1) attached (ZIPPed) to
Asymmetric Top (A=5, B=10, C=15)

Time reversed
gyro -S=(-1,-1,-1) The two together

“Sherman” (The shark)

Crossing RE surfaces

analogous to
4 Crossing PE Surfaces (Jahn-Teller)
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Two or more RE’s beg to be un/ZIPPed. <H>:§pm—up (B’ ) Cowmg(ﬁ? _

Base RE surfaces are eigenvalues of matrix. %Gxﬂing (B’V)* Spirrdown R BVE
Classical RE

H=AJ XZ ‘|‘BJy2 +CJ. 22 +...-2A4J xSx-ZBJySy-Z CJ ZSZ_I_‘" +(more constant terms)
Semi-Classical Spin-1/2 RE 0,=(" (l)),GyZ(? 3),022((1) 0, 1=(, ) makes matrix

HZ(AJx2+BJy2+CJZZ)1...—AJxSxO'x -BJySyO'y -CJ s O,%+...t1(more constant terms)

Classical ZIPP A=0.2, B=0.8, C=1.4 Semi-Classical spin-1/2 unZIPP A=0.2, B=0.8, C=1.4
§.=0.0, Sy=0,1, S =0.2 5.=0.0,5 =0.1, s =0.2
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Good news

Rotational energy surfaces (RES) may help visualize matrix eigensolutions
in general, but rotational and vibrational-polyad states in particular.
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Good news

Rotational energy surfaces (RES) may help visualize matrix eigensolutions
in general, but rotational and vibrational-polyad states in particular.

Bad news

Well, not every matrix! If your RES looks like a potato, you may be in trouble!

Good news

RES can help expose new phenomena and suggest new experiments.

Bad news
That takes some thought and work. Let us know how you do.

Good news

RES can approximate rotational matrix with high
accuracy that improves as J increases.

Bad news

But, they suck for J =1 or 2.
Good news

We may be able to fix that.

Bad news

Don’t count on it.
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What’s up, Doc?

Durer’s “Melancholia”
1514
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0y, or T; Spherical Top: (Hecht Ro-vib Hamiltonian 1960)
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Example: J=6
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Example: J=4

(’”4 6 =26:6°
m=3 Al 7 Qo
n=2 %5%3.40
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P /
4 -
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B ..

Classical

J-polynomials
Classical
J-polynomials
ﬂJﬂkPk(J J,J )

Xy z
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Example. (J=6)-eigenvalues of Vg
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