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Abstract: This research examines the application of the fast forward method to single spin with Rabi 

frequency. In this study, the electron spin dynamics are examined by accelerating adiabatic quantum 

dynamics. Through the concept of adiabatic will be obtained unchanged state of the system, at the beginning 

and end of the evolution of the system. This study aims to obtain an additional Hamiltonian on the concept 

of accelerated adiabatic quantum dynamics on single spin. The method used is the fast forward method 

developed by Masuda and Nakamura. The result of this research is to obtain the additional Hamiltonian 

“equation 54” and the driving magnetic field through the fast forward method “equation 56”. The fast 

forward method is applied by first obtaining the eigenvalues of the Hamiltonian system. Furthermore, by 

reviewing the lowest energy state (ground state). It is concluded that this study obtained an additional 

Hamiltonian term with a driving magnetic field that ensures that a single spin can move from the initial state 

to the final state in a short time, while maintaining the characteristics of each energy level in the system.  
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Metode Fast Forward pada Spin Tunggal dengan Frekuensi Rabi 
 

Abstrak: Penelitian ini mengkaji penerapan metode fast forward pada spin tunggal dengan frekuensi Rabi. 

Pada penelitian ini ditinjau dinamika spin elektron dengan mempercepat dinamika kuantum adiabatik. 

Melalui konsep adiabatik akan didapatkan keadaan sistem yang tidak berubah, pada saat awal dan akhir 

evolusi sistem. Penelitian ini bertujuan untuk mendapatkan Hamiltonian tambahan pada konsep dinamika 

kuantum adiabatik yang dipercepat pada spin tunggal. Metode yang digunakan merupakan metode Fast 

Forward yang dikembangkan oleh Masuda dan Nakamura. Hasil penelitian ini yaitu mendapatkan 

Hamiltonian tambahan ”persamaan 54” dan medan magnet penggerak melalui metode fast forward 

”persamaan 56”. Metode fast forward diterapkan dengan terlebih dahulu mendapatkan nilai eigen dari sistem 

Hamiltonian. Selanjutnya, dengan meninjau keadaan energi terendah (ground state). Disimpulkan bahwa 

penelitian ini diperoleh suku Hamiltonian tambahan dengan medan magnet penggerak yang memastikan 

bahwa spin tunggal dapat bergerak dari keadaan awal ke keadaan akhir dalam waktu yang singkat, dengan 

mempertahankan karakteristik tiap level energi pada sistem tersebut.  

 

Kata kunci: Dinamika kuantum, fast forward, fisika teori, frekuensi Rabi, spin kuantum 

 

INTRODUCTION  

In nanotechnology to study very small object, the importance of a short time in 

producing a product for industrial purposes related to materials and devices at the atomic 

(spin). One way to shorten the product design time is to optimize and manipulate the 

product manufacturing time. Nanotechnology manipulation aims to adjust the potential 

that depends on the dynamics of the wave function. Therefore, the concept of accelerating 

a process to achieve equilibrium was found, and the adiabatic concept was proposed to 

produce a product quickly without changing the system’s characteristics (Benggadinda & 

Setiawan, 2021). The concept of accelerating quantum dynamics by not changing the 

characteristics of each energy level of the systems is called adiabatic quantum dynamics. 
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The adiabatic process in quantum is often used to induce or prepare for the final state in a 

strong and controllable manner, the adiabatic process here is a slow change of the 

Hamiltonian state parameters. This adiabatic process does not change the eigenic state 

before and after the system takes place (Chen & Muga, 2010).  
The adiabatic process can be carried out but with a long time. So it is still less efficient 

when used to make a product. To overcome this problem, a method is needed to accelerate 

adiabatic quantum dynamics. Some of the methods that are being develoved are the fast 

forward and shortcuts to adiabaticity (STA) methods (Jarzynski, 2013).  

Shortcuts to adiabaticity (STA) is a technique designed to accelerate adiabatic processes 

in quantum systems. Physics research often requires the development of new methods for 

understanding natural phenomena. One interesting method is fast forward, which allows 

us to accelerate the evolution of physical systems by ignoring some steps of time (Guéry-

Odelin et al., 2019). 

The fast forward method is a method used to accelerate the time in making a product, 

including fast film projection on the screen (Aszhar et al., 2024; Nakamura et al., 2017). 

Nakamura and Masuda succeeded in developing a fast forward method on a relativistic 

system (Khujakulov & Nakamura, 2016), fast forward method in carnot machines (Masuda 

& Nakamura, 2022), and several other studies. 

The adiabatic process in microscopic systems can be observed on electrons in the form 

of spin motion. However, this process often takes a very long time to ensure that the 

systems remains in an adiabatic state (Setiawan et al., 2023). The dynamics of electron 

motion in spin refers to how the spin properties of electrons affect the behavior and 

interactions of electrons in various systems (Manoukian, 2007). Electrons have spin 

(
1

2
 ) which means it can be in two states, spin up (+

1

2
) or spin down (−

1

2
). The 

phenomenon of the Hamiltonian state on the adiabatic in single-spin dynamics refers to 

how the spin of electrons evolves in a system in which Hamiltonians, or total energy 

operators, change slowly over time (Petiziol et al., 2018). 

Two-level system is a quantum system that has only two levels of energy or two 

quantum states (Ying et al., 2020). It gives two eigenvalues (energy) and two eigenvectors 

(Griffiths, 1961). The time-dependent Schrödinger equation for a two-state system can be 

expressed as:  

                                                           H|Ψ⟩ = E|Ψ⟩                                                          (1) 

With: 

H : Hamiltonian of the system 

Ψ : Wave function of the system 

E : Eigenenergy 

Attempts to move the spin of electrons are done by regulating the magnetic field. The 

magnetic field can cause the spin of the electron to move according to the direction of the 

magnetic field, namely by increasing the frequency of moving the magnetic field so that 

the energy also increases in controlling the spin movement (Berry, 2009). By regulating 

the magnetic field, we can control the energy difference between spin-up and spin-down. 

In this study, the Fast Forward method is applied to a single spin, by first obtaining the. 

e.ige.nvalue.s of the. Hamiltonian syste.m. Furthe.rmore., by re.vie.wing the. lowe.st e.ne.rgy state. 

(ground state.), additional Hamiltonian te.rms and a driving magne.tic fie.ld we.re. obtaine.d 

that allowe.d a single. spin to move. from the. initial state. to the. final state. in a short time.. 

Hamiltonian re.gularization te.rms and the. driving magne.tic fie.ld will maintain the. syste.m 

e.ne.rgy fixe.d in the. ground state. e.ne.rgy state. (as the. adiabatic state.) during the. acce.le.rating 

proce.ss.  
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The. original Hamiltonian is obtaine.d from the. Rabi fre.que.ncy mode.l. Rabi Fre.que.ncy 

is the. fre.que.ncy at which the. probability amplitude. of two le.ve.ls of atomic e.ne.rgy 

fluctuate.s in an oscillating e.le.ctromagne.tic fie.ld. Fast forward to Rabi Fre.que.ncy on single . 

spin is all about spe.e.ding up spin control and manipulation (Duan, 2022). Incre.asing the. 

Rabi fre.que .ncy can control the. move.me.nt of the. spin, which me.ans adjusting the. e.xte.rnal 

fie.ld inte.racting with the. spin (Layton e.t al., 2014). 

In quantum systems to describe oscillations it is necessary Rabi frequency, for the 

discovery of magnetic resonance of the nucleus used in magnetic resonance imaging (Xie 

et al., 2017). Rabi frequency is necessary to support MRI (Magnetic resonance imaging) 

performance. In this case, fast forward can speed up the signal. Fast forward can speed up 

the sequence of scans on MRI by accelerating the movement of the magnetic field (Torres 

et al., 2022). 

In pre.vious studie.s, it was also found that the. fast-forward me.thod in the. adiabatic 

syste.m for spin allows Hamiltonian parame.te.r change.s to be. carrie.d out quickly while. 

maintaining adiabatic prope.rtie.s. By re.vie.wing the. spin for e.xample. e.le.ctrons with the. 

fast-forward me .thod will acce.le.rate. the. re.sonance. of the. change. of e.le.ctron state., and the. 

proce.ss of changing the. dire.ction of the. e.le.ctron with the. magne.tic fie.ld will be. faste.r 

(Se.tiawan, 2019). This study is the.ore.tical re.se.arch that e.xamine.s the. lite.rature. that 

discusse.s the. me.thod of acce.le.rating quantum dynamics adiabatic way (Panudju et al., 

2024). This me.thod of acce.le.rating quantum dynamics is calle.d the. Fast-Forward me.thod. 

First propose.d by Masuda and Nakamura in 2010, this me.thod modifie.s Hamiltonians by 

adding additional tribe.s to the. e.arly Hamiltonians re.fe.rre.d to as re.gularize.d tribe.s. The. 

goal is for the. Schrodinge.r e.quation to re.main time.-de.pe.nde.nt (Setiawan et al., 2023). 

In this study, the. author combine.s the. fast forward me.thod with Rabi fre.que.ncy to 

acce.le.rate. the. simulation of the. physics by re.vie.wing a single. spin. This study focuse.s on 

the. be.havior of the. quantum single. spin syste.m using the. fast forward and Rabi fre.que.ncy 

me.thods. The. purpose. of this study is to obtain a me.thod in the. form of additional 

Hamiltonian produce.d by the. fast forward me.thod on single. spin quantum syste.m with 

Rabi fre.que.ncy.  

 

METHOD 

This re.se.arch is a basic re.se.arch that e.xamine.s the. de.ve .lopme.nt of quantitative . 

physical the.orie.s. This re.se.arch is a lite.rature. study re.late.d to fast forward quantum the.ory 

for a single. spin with Rabi Fre.que.ncy analytically. Lite.rature. study is an activity to 

e.xamine. the. the.orie.s unde.rlying the. re.se.arch, both the.orie.s that are. suitable. for the. fie.ld 

of scie.nce. be.ing re.se.arche.d and me.thodology (Panudju et al., 2024). This re.se.arch was 

conducte.d from June. to Octobe.r 2024 at the. Be.ngkulu Unive.rsity. This re.se.arch consists 

of five. stage.s, name.ly: 

1. Pre.paration 

At this stage., the. author pre.pare.s the. re.se.arch by colle.cting re.le.vant and supporting 

lite.rature. such as books, journals, and othe.r re.fe.re.nce.s re.late.d to quantum the.ory, 

Schrödinge.r e.quations, adiabatic quantum the.ore.ms, fast-forward me.thods, and Rabi 

Fre.que.ncy.  

2. The.ore.tical Studie.s 

The.ore.tical study of Schrödinge.r's e.quations using boundary conditions to find the. 

wave. function of Rabi fre.que.ncy, the.n studie.d by the. Rabi fre.que.ncy mode.l to obtain 

the. fre.que.ncy in moving the. magne.tic fie.ld which is use.d to de.te.rmine. the. e.ige.nvalue. 

to solve. the. e.ige.nve.ctor solution. An e.ige.nve.ctor solution is use.d to de.scribe. the. wave. 

function in the. syste.m. 
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3. Re.sults of the. the.ore.tical asse.ssme.nt 

The. re.sults of the. the.ore.tical study are. in the. form of wave. functions that will be. 

visualize.d in the. form of graphs. The. wave. function will be. use.d in finding the. 

re.gularization te.rm. The. Fast forward me.thod, which acce.le.rate.s the . dynamics of 

adiabatic quantum in a single. spin by re.vie.wing the. lowe.st e.ne.rgy state. (ground state.), 

is obtaine.d by Hamiltonian additional te.rms and a driving magne.tic fie.ld that e.nsure.s 

that a single. spin can move. from the. initial state. to the. final state. in a short time.. The. 

re.sults of the. study of wave. function the.ory on the. fast forward e.quation with Rabi 

fre.que.ncy. 

4. Analysis and Discussion 

At this stage., the. re.sults obtaine.d are. in the. form of a fast-forward me.thod with Rabi 

fre.que.ncy that produce.s re.gularization te.rms, driving magne.tic fie.lds, and an 

additional Hamiltonian by re.vie.wing a single. spin syste.m to acce.le.rate. the. spin motion 

dynamics that will be. discusse.d syste.matically. Furthe.rmore., the. re.sults of the. 

analytical calculations will be. compare.d with the. Wolfram Mathe.matica 10.0 program.   

5. Conclusion 

E.ach re.sult and analysis of the. discussion that was compile.d was the.n conclude.d to 

answe.r all the. proble.m formulations in this study.  

 

RESULT AND DISCUSSION 

In this study, a single. spin syste.m with Rabi fre.que.ncy is conside.re.d. The. original 

Hamiltonian e.quations of the. Rabi fre.que.ncy is:  

H0 = E.0 · 𝜎0 + W1 · 𝜎X + W2 · 𝜎y + Δ · 𝜎z,                          (2) 

With: 

𝜎0 is the. ide.ntity matrix, 𝜎x, 𝜎y, 𝜎z is Pauli’s matrix, H0 is an original Hamiltonian, E.0 is 

the. e.ne.rgy constant, W is the. angular fre.que.ncy and Δ is the. diffe.re.nce. in e.ne.rgy. 

𝜎0 = (
1 0
0 1

),                        (3) 

𝜎x = (
0 1
1 0

) , 𝜎y = (
0 −𝑖
𝑖 0

), 𝜎z =  (
1 0
0 −1

),           (4) 

Substitution of the. Ide.ntity matrix and the. Pauli matrix on e.quations (2), to ge.t an original 

Hamiltonian. 

H0 = (
𝐸0 +  Δ 𝑊1 −  𝑖𝑊2
𝑊1 + 𝑖𝑊2 𝐸0  −  Δ 

).                    (5) 

The. original Hamiltonian of the. Rabi fre.que.ncy mode.l has be .e.n obtaine.d in the. e.quation 

(5). Original Hamiltonian would be. use.d to find solutions from e.ige.n value., with E. de.fine.d 

as e.ige.n value.. To find the. e.ige.n value. solution, the. following formulation is use.d: 

de.te.rminant (E.I− H0) = 0,                    (6) 

With: 

I: Ide.ntity matrix. 

de.te.rminant ( E (
1 0
0 1

) − (
E0 +  Δ W1 − 𝑖W2
W1 + 𝑖W2 E0  −  Δ

)) = 0,                                            (7) 

de.te.rminant (
E − E0 −  Δ  −W1 +  𝑖W2
−W1 −  𝑖W2 E − E0 +  Δ 

) = 0,                                            (8) 

(E − E0 −  Δ ) (E − E0 +  Δ ) − (−W1 +  𝑖W2) (−W1 −  𝑖W2) = 0,                        (9) 
E.quation (9) can be. simplifie.d as follows: 

E.

2 – 2E.E0 + E0
2 − Δ2  − W1

2 −W2
2 =  0,           (10) 

(E − E0)
2  =  Δ2  + W1

2 + W2
2,            (11) 

E. = E0 + √𝛥2  + 𝑊1
2 + 𝑊2

2 .            (12) 
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E.quation (12) can be. writte.n as follows to ge.ne.rate. e.ige.n value. as a solution E.+ (e.xcite.d 

state.) and E.- (ground state.) which is re.fe.rre.d to as e.ne.rgy, 

E.+ = E0 + √𝛥2  + 𝑊1
2 + 𝑊2

2 ,                                                                                 (13)

      

E.- = E0 − √𝛥2  + 𝑊1
2 + 𝑊2

2 .                                                                                      (14) 

Furthe.rmore., from e.ach of the.se. e.ige.nvalue.s, the. lowe.st e.ige.nvalue. (ground state.) will 

be. se.le.cte.d, name.ly E.- to se.arch for e.ige.nve.ctor. To ge.t the. e.ige.nve.ctor solution the. 

following e.quation is use.d: 

(E.I − H0) Ψ = 0,                                                                 (15) 

With, 

(
E − E0 −  Δ  −W1 +  𝑖W2
−W1 −  𝑖W2 E − E0 +  Δ 

) (
Ψ1
Ψ2
)  = (

0
0
),                                                   (16) 

Substitution e.quation (14) in e.quation (16) to obtain the. following e.quation: 

(
−Δ − √𝛥2  + 𝑊1

2 + 𝑊2
2    −𝑊1 + 𝑖𝑊2

−𝑊1 −  𝑖𝑊2 Δ − √𝛥2  + 𝑊1
2 + 𝑊2

2  
) (
Ψ1
Ψ2
)  = (

0
0
),     (17) 

The.n, 

(Δ − √Δ2  + W1
2 + W2

2 )Ψ2   = (W1 +  𝑖W2)Ψ1,                        (18) 

and obtaine.d, 

Ψ2  =  
(W1+ 𝑖W2)  

(Δ−√Δ2 +W1
2+ W2

2 )

 Ψ1.            (19) 

With the. principle. of normalization, it can be. writte.n, 

|Ψ1|
2
+ |Ψ2|

2 = 1,             (20) 

Substitution of e.quation (19) to e.quation (20), thus obtaining the. following e.quation, 

Ψ1 = 
Δ−√Δ2 +W1

2+ W2
2 

√(𝑤1+𝑖𝑤2)2+𝛥2−2𝛥√𝛥2+𝑤1
2+𝑤2

2+𝛥2+𝑤1
2+𝑤2

2

,               (21)           

Substitution of e.quation (21) to e.quation (19), thus obtaining the. following e.quation, 

Ψ2 = 
(W1+ 𝑖W2)

√(𝑤1+𝑖𝑤2)2+𝛥2−2𝛥√𝛥2+𝑤1
2+𝑤2

2+𝛥2+𝑤1
2+𝑤2

2

,           (22) 

With, 

G : √(𝑤1+𝑖𝑤2 )2 + 𝛥2 − 2𝛥√𝛥2 + 𝑤1
2 + 𝑤2

2 + 𝛥2 + 𝑤1
2 + 𝑤2

2         (23) 

The.n, 

Ψ = (
Ψ1
Ψ2
)  (
𝐶1(𝑅)
𝐶2(𝑅)

) =  (

Δ−√Δ2 +W1
2+ W2

2 

G
  

(W1+ 𝑖W2)

G

).                                                              (24) 

If we. re.vie.w the. Hamiltonian on a spin syste.m with the. time. parame.te.r R(t) with a constant 

t-time.. We. can write., 

H0(R) Ψ(R) = E .(R) Ψ(R),            (25) 

With, 

H0(R) (
𝐶1 (𝑅)
𝐶2 (𝑅)

) = E.(R) (
𝐶1 (𝑅)
𝐶2 (𝑅)

),                       (26) 

The. solution of Schrödinge.r's e.quation on the. adiabatic state., with R(t) = R0 + Ɛt is an 

adiabatic parame.te.r and Ɛ<<1, We. assume. 
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Ψ(R(t)) = (
𝐶1(𝑅)

𝐶2(𝑅)
) 𝑒−

𝑖

ħ
∫ 𝐸(𝑅(𝑡))𝑑𝑡′𝑒𝑖ƺ(𝑡)
𝑡
0 ,                      (27) 

ƺ is an adiabatic phase. de.fine.d by:  

ƺ(t) = i∫ 𝑑𝑡′ (
𝑡

0
C1
∗  
𝜕𝐶1

𝜕𝑡
 + C2

∗  
𝜕𝐶2

𝜕𝑡
 ),                       (28) 

       = iƐ ∫ 𝑑𝑡′ 
𝑡

0
 (C1

∗ 𝜕𝐶1

𝜕𝑅
 + C2

∗  
𝜕𝐶2

𝜕𝑅
 ),            (29) 

So that e.quation (24) can be. re.writte.n as: 

Ψ (R(t)) = (

Δ−√Δ2 +W1
2 (R(t))+ W2

2 

G
  

(W1 (R(t))+ 𝑖W2)

G

)𝑒
−
𝑖

ħ 
∫ 𝐸0
𝑡
0 − √𝛥2+𝑤1

2(R(t))+𝑤2
2 𝑑𝑡′ 

.                 (30) 

In orde.r to maintain the. adiabatic condition, the. conce.pt of re.gularization is use.d. The. 

re.gularization te.rm, ℋ̃ obtaine.d as 

ℋ̃ (
𝐶1(𝑅)

𝐶2(𝑅)
) = iħ 

𝜕

𝜕𝑅
(
𝐶1(𝑅)

𝐶2(𝑅)
) – iħ (C1

∗  
𝜕𝐶1

𝜕𝑅
 + C2

∗  
𝜕𝐶2

𝜕𝑅
 ) (
𝐶1(𝑅)

𝐶2(𝑅)
),       (31) 

The. se.cond te.rm on the. right fie.ld in e.quation (31) as : 
|𝐶1|

2 + |𝐶2|
2 = 1,             (32) 

𝐶1· C1
∗ + 𝐶2· C2

∗ = 1,                                 (33) 

The.n, 
𝜕

𝜕𝑅
 (𝐶1· C1

∗ + 𝐶2· C2
∗) = 0,            (34) 

So that e.quation (31) can be. re.writte.n like. the. following e.quation: 

ℋ̃ (
C1(𝑅)

C2(𝑅)
) = (

 𝑖ħ 
𝜕𝐶1(𝑅)

𝜕𝑅

𝑖ħ
𝜕𝐶2(𝑅)

𝜕𝑅
 
).            (35) 

With, 

a = 
𝜕𝐶1

𝜕𝑅
 ,              (36) 

b = 
𝜕𝐶2

𝜕𝑅
 ,                 (37) 

In quantum me.chanics, e.ne.rgy must have. a re.al value. be.cause. e.ne.rgy is me.asurable.. In 

orde.r for e.ne.rgy to have. re.al value., the. total e.ne.rgy ope.rator in the. siste.m ℋ̃ must be. 

He.rmitian. ℋ̃11 = −ℋ̃22 and ℋ̃21
∗
= ℋ̃12 (Setiawan, 2019). 

(
ℋ̃11 ℋ̃12
ℋ̃21 −ℋ̃22

) (
𝐶1(𝑅)

𝐶2(𝑅)
)  =  𝑖ħ (

𝑎
𝑏
),           (38) 

(
ℋ̃11𝐶1(𝑅) ℋ̃12𝐶2(𝑅)

ℋ̃21𝐶1(𝑅) −ℋ̃22𝐶2(𝑅)
)  = (

𝑖ħ𝑎
𝑖ħ𝑏
),           (39) 

(
𝐶1 C2
−C2 𝐶1

) (
ℋ̃11
ℋ̃12

) = (
𝑖ħ𝑎
𝑖ħ𝑏
),            (40) 

We. can solve. e.quation (31) for ℋ̃ : 

(
ℋ̃11
ℋ̃12

)  = (
𝐶1 C2
−C2 𝐶1

)
−1

(
𝑖ħ𝑎
𝑖ħ𝑏
),                      (41) 

(
ℋ̃11
ℋ̃12

) = 

(

 
 
Δ−√Δ2 +W1

2+ W2
2 

G
 

(W1+ 𝑖W2)

G

−(𝑤1+𝑖𝑤2)

G

Δ−√Δ2 +W1
2+ W2

2 

G
 
)

 
 

−1

(
𝑖ħ𝑎
𝑖ħ𝑏
),        (42) 
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The.n we. have., 

(
ℋ̃11
ℋ̃12

)  =  (
𝑖ħa

 ( Δ− √𝛥2 +𝑊1
2+ 𝑊2

2 )

G
       − 𝑖ħb

(𝑤1+𝑖𝑤2)

G

𝑖ħa
(𝑤1+𝑖𝑤2)

G
                       + 𝑖ħb

( Δ− √𝛥2 +𝑊1
2+ 𝑊2

2 )

G

).                                    (43) 

The. e.quation of the. matrix ℋ̃ is: 

(
ℋ̃11 ℋ̃12

ℋ̃21
∗
−ℋ̃22

),                                                                                                (44) 

So that the. matrix e.quation is obtaine.d ℋ̃, name.ly: 

(

 
 𝑖ħa

(Δ − √𝛥2 +𝑊1
2+ 𝑊2

2 )

G
−   𝑖ħb

 (𝑤1+𝑖𝑤2)

G
𝑖ħa

 (𝑤1+𝑖𝑤2)

G
+  𝑖ħb

(Δ − √𝛥2 +𝑊1
2+ 𝑊2

2 )

G

−𝑖ħa
 (𝑤1−𝑖𝑤2)

G
−  𝑖ħb

(Δ − √𝛥2 +𝑊1
2+ 𝑊2

2 )

G
− 𝑖ħ𝑎

(Δ − √Δ2 +W1
2+ W2

2 )

G
+   iħb

 (𝑤1+𝑖𝑤2)

G )

 
 

.     (45) 

Furthe.rmore., by using the. fast forward e.quation to acce.le.rate. the. syste.m in an adiabatic 

state.. The. acce.le.rate.d proce.ss is done. using the. time. scaling factor α and adiabatic 

parame.te.rs ε (Se.tiawan e.t al., 2017). 

α(t)= α̅ − (α − 1) cos (
2𝜋

T𝐹𝐹
𝑡)                        (46) 

He.re. ν(t) is a ve.locity function available. from α(t) in the. asymptotic limit, 

ν(t) = lim
𝜀→0,ᾶ→∞

εα(t),             (47) 

 = 𝑣̅ (1 − cos 
2𝜋

T𝐹𝐹
𝑡)             (48) 

The. adiabatic quantum dynamics in e.quation (30) will be. acce.le.rate.d by multiplying the. 

time. parame.te.r by assuming R(Λ(t)), 

Whe.re. is an advance.d time. de.fine.d by: 

Λ(t) = ∫ α(t
𝑡

0
′) dt′,             (49) 

Whe.re. 𝑣̅ lim
𝜀→0,ᾶ→∞

α̅𝜀 (finite.) is the. me.an of 𝜈(𝑡). Conse.que.ntly, for 0 ≤ 𝑡 ≤ 𝑇𝐹𝐹, 

R(Λ(t)) = R0 + lim
𝜀→0,ᾶ→∞

ε(Λ(t),           (50) 

  = R0  +  ∫ ν(t
𝑡

0
′) dt′,             (51) 

  = R0  + 𝑣̅ [𝑡 − 
T𝐹𝐹

2𝜋
sin (

2𝜋

T𝐹𝐹
𝑡)]           (52) 

The. fast forward state. is de.fine.d by: 

ΨFF(t) = (

Δ−√Δ2 +W1
2 R(Λ(t)) + W2

2 

G
  

(W1 R(Λ(t)) + 𝑖W2)

G

)𝑒
−
𝑖

ħ 
∫ 𝐸0
𝑡
0 − √𝛥2+𝑤1

2 R(Λ(t)) +𝑤2
2 𝑑𝑡′ 

.      (53) 

By using the. ne.w parame.te.r R(Λ(t)), the. additional Hamiltonian is obtaine.d using the . 

following e.quation: 

ℋ = ν(t) ℋ̃ =             

(

 
 
 
ν(t)(𝑖ħa

Δ−√Δ2 +W1
2 R(Λ(t)) + W2

2 

G
−   𝑖ħb

(W1 R(Λ(t)) + 𝑖W2)

G
) ν(t)(𝑖ħa

(W1 R(Λ(t)) + 𝑖W2)

G
+  𝑖ħb

Δ−√Δ2 +W1
2 R(Λ(t)) + W2

2 

G
)

ν(t)(−𝑖ħa
(W1 R(Λ(t))− 𝑖W2)

G
−  𝑖ħb

Δ−√Δ2 +W1
2 R(Λ(t)) + W2

2 

G
) ν(t)(− iħ𝑎

Δ−√Δ2 +W1
2 R(Λ(t)) + W2

2 

G
+   𝑖ħb

(W1 R(Λ(t)) + 𝑖W2)

G
)
)

 
 
 
  (54) 

With: 

m : Δ − √Δ2  + W1
2 R(Λ(t))  +  W2

2  

d : W1 R(Λ(t))  +  𝑖W2 

p : W1 R(Λ(t)) −  𝑖W2 
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Fast forward in re.lation to Rabi fre.que.ncy on single. spin is about acce.le.rating spin 

control and manipulation through inte.llige.nt and optimize.d me.thods, thus e.nabling faste.r 

and more. e.fficie.nt ope.ration in quantum syste.ms (Layton et al., 2014). The. Hamiltonian 

will be. acce.le.rate.d with the. following fast forward e.quation: 

H𝐹𝐹 = H0 R(Λ(t)) + ν(t) ℋ̃            (55) 

                                        (Setiawan et al., 2017).  

H𝐹𝐹 = 

(

  
 

(𝐸0 +  Δ) + (ν(t) (𝑖ħa
m

G
−   𝑖ħb

d

G
)) (𝑊1(R(Λ(t)) −  i𝑊2) + (ν(t) (𝑖ħa

d

G
+  𝑖ħb

m

G
))

(𝑊1(R(Λ(t)) + i𝑊2) + (ν(t) (−𝑖ħa
p

G
−  𝑖ħb

m

G
)) (𝐸0  −  Δ) + (ν(t) (− iħ𝑎

m

G
+   𝑖ħb

d

G
))

)

  
 

 

                (56) 

By se.le.cting the. parame.te.rs ν = 100, the. time. for the. final state. (T).  T = 1, W1 = R, W2 

= 1, and R = 2ν (
t

2
−
TSin [

2πt 

T
]

4π
), |𝐶1|

2 and |𝐶2|
2 which e.volve.d adiabatically can be . 

de.scribe.d as: 

 
Figure 1. The. figure. of [𝐶1]

2
 (solid line.) and [𝐶2]

2
 (dashe.d line.) obtaining (a). from 

e.ige.nve.ctor (b). by solving TDSE.

 

 

Figure. 1 (a) shows a graph of the. wave . function in the. initial state. from e.ige.nve.ctor 

be.fore. the. re.gularization te.rm is adde.d. E.arly state. (solid line.) C1↑ e.nd C1↓ and at (dashe.d 

line.) C2↓ e.nd C2↑. E.ndpoints i.e.. C1 (0.550) and C2 (0.450) Figure. 1 (b) shows a graph of 

the. wave. function in the. final state. by solving TDSE. afte.r adding the. re.gularization te.rm 

or additional e.ne.rgy, by adding the. parame.te.rization E.0= 10, Δ=50, shows that the. spin 

move.s with time. scaling factor i.e.. (TFF) moving from a state. of (solid line.) C1
FF ↑ e.nd 

C1
FF ↓ and (dashe.d line.) C2

FF ↓ e.nd  C2
FF

 ↑ . E.ndpoints i.e.. C1
FF (0.478), C2

FF(0.192). In both 

figures show the starting and ending points are not much different, so adiabatic conditions 

can be maintained. This indicate.s that the. spin is moving from the. dire.ction of up ↑ to 

down ↓ at the. time. of final position (Setiawan, 2019). In the. fast-forward conce.pt, the. 

dire.ction of the. magne.tic fie.ld change.s to the. opposite. dire.ction in time. (TFF) 

(Benggadinda & Setiawan, 2021). The. adiabatic condition can be. maintaine.d in the. figure . 

be.cause. it shows the. same.  be.ginning and e.nd state.s with time. parame.te.rization.  

The quantum adiabatic theorem is that if the system is initially in a certain eigenstate, 

it will remain in that eigenstate during the adiabatic process (Setiawan, 2019). The 
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adiabatic process in both figures occurs when the external parameters of the Hamiltonian 

change slowly. Seen in figure 1 (a) the adiabatic process occurs and figure 1 (b) shows 

the adiabatic conditions that do not change and are maintained after adding an additional 

hamiltonian (ℋ) with the system accelerated through the fast forward Hamiltonian (𝐻𝐹𝐹 ) 
method. The Hamiltonian regularization term and the driving magnetic field will keep the 

system energy in the ground state energy state (known as the adiabatic state) during the 

accelerating process. 

 

CONCLUSION 

 In this study we . obtaine.d the. driving Hamiltonian by modifying the. wave. function as 

an adiabatic wave. function the.n by solving the. Schrödinge.r e.quation, we. re.ce.ive.d the . 

re.gularization te.rm. By choosing the. time. scaling parame.te.r we. ge.t the. additional 

Hamiltonian (ℋ) “e.quation (54)” and the. fast-forward Hamiltonian (𝐻𝐹𝐹 ) “e.quation 

(56)”. It can be. se.e.n that the. dynamics of the. wave. function obtaine.d from the. e.ige.nve.ctor 

and the. wave. function obtaine.d by solving TDSE. (with additional Hamiltonian ℋ̃), still 

pre.se.rve. the. initial and final state.. 

 The author recommends that future researchers can produce similar graphical images 

by trying more suitable parameterizations. The same figure will show the amount of 

energy that does not change when the process of adiabatic dynamics occurs. The addition 

of the number of spins is needed to stabilize this research. 
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