Exploration of Squeezed Spin States In Python

Kalina Peneva

SCAN ME Quantum Science and Technology Workshop at Bellaire High School

INTRODUCTION METHODS

* An exploration of visualizing unsqueezed and

RESULTS

CONCLUSION

squeezed spin states in python and comparing Visualizing a Squeezed Spin State Results of comparison of squeezed vs. unsqueezed state » Squeezing spin states can facilitate increased
them. > Writing Evolution Functions accuracy in measurements as depicted through the

* Theimage below encapsulates the process of narrower distribution seen in the results section
squeezing a spin state [1]. The two axes in the " R St eemiert 291" squeezed Spin State * Not every squeezed spin state will be useful in
graphs below show the values of the spin projection et spin enaemble L oA (BER SAOUL) O ST I spin spesmre 100{ Rotated by /12 creating narrower distributions;in the

of a spin state. L. . . ’ '
P Realization of spin ensemble after evolving 07 \ Unsqueezed demonstrations done, OAT spin states rotated by a

* The graph represents the range of measurement wreler [Bermtariem o Spin State larger theta were the least useful

. . . 0 _ )
results for the projection spins . . Ju
SR

Count

* Two Axis Twisting (TAT) was shown to be most

v | b, «Motivation: squeezec > One Axis Twisting (OAT) useful in producing narrower distributions
0.1 i 0.1’ - . : 20 - - -

< - 0 states can help develop SORT using 22 svolulon
0.1 | 0.1 Fee s 0 -
) better measurement 1 resues - 1 _20 ~10 0 10 20

+ ot

W
o oo |
e

[single spin_rotation_along y(atom, -np.pi/f2) for atom in spin_ensemble] #preparinig spin_ensemble along x-direction

sembhle = sz2 evolution(spin_ensemble, t) #application of sz2 evolution on the spin_ensemble

finggi:e_f.ults.append{all_S(spin_en;emhle}} #calculate all 5 (total projection c.nf spin_ensemble) D e m O n St rati O n Of a n a rrowe r d iSt ri b u ti O n

final_
U . ] L. , ] all realizations = []
-0.2 0 0.2 -0.2 0 0.2 for realization_index in range(1eee): Sz o UTLOO K
X X spin_ensemble = spinup(N) #establishing initial state of spin_ensemble
methods through in_nsenble - o |

S o reducing measurement e e b e arry
~ 0 ~ 0 : s il . * Canbe used as a method to detect quantum
» @] 3 Q| uncertainty : | | Angle of Rotation Matters entanglement
= . - - . * Sz_2evolution of spin » Exploring more variations of TAT and comparing
e N P : their utility to OAT in producing useful squeezed
* Explore the visualization of spin state realizations N [ T~/ y !ess udtlllty developed  Utility of Python in modeling quantum systems, in
and rotations on a Bloch sphere in Python | neote this case squeezed spin states, facilitating further
» Utilize One Axis Twisting (OAT) and Two Axis 5 N discussions based on more understandable material
Twisting (TAT) to produce squeezed spin states [2]
 Measure and visualize the utility of squeezed spin » Two Axis Twisting (TAT)
states relative to unsqueezed spin states Peirig e permtars o the fncion 7 prlta (.
* Goal: to produce a squeezed spin state with the e N
thinnest center; essentially stretching the spin state oelta s+ £/ 2+ )
as much as possible to achieve a narrower ¢ e blck s et 0 et the fncson T el (..
distribution et iy " We thank our mentors Ognjen Markovic and Zeyang Li,

spin_ensemble = [single spin_rotation_along y(atom, -np.pi/2) for atom in spin_ensemble] 0-

for _ in range(P): o .
spin_ensemble = s5z2 evolution(spin_ensemble, Delta t) > > aS We ll aS M r. J I m my N era n d 9 fo r th el r h e l p a n d
METHODS Fined. resuts. sppend(all. S(spin_snsenbleyy O=1/3 O=1m/2

guidance. This work was completed as part of the

show _on_bloch{final results, N)

Visualizing an Unsqueezed Spin State Quantum Science & Technology Workshop @ Bellaire
#Realization of spin up function on Bloch Sphere z” ¢ Use Of tWO eVOIUtion . H Igh SChOOl, S.u pp().rted by M I.-I- CEQE_IQU ISE (Center for
N - 260 number of atoms : Testing the TAT Result Quantum Engineering, Interdisciplinary Quantum
allSresults = [all S(spinup(N)) for i in range(l@8e)] #1888 is number of realizations for the set of 2868 atoms -- AR '| fu nCtlonS )

show on bloch(allSresults, N) #visualization of spin up realization

. Twisting along two axes Information Science and Engineering program).

.z ° ° .\‘v‘.", ° °
N » Establishment of spin Al /| Resultsin spin state .
up state - — rotated 45° TAT Squeezed Spin
: \ | e Foundation for all ™~ 07 State rotated by 1t/4
NNy more complex spin 1227 /
N4 states > Setting up Comparison € 100- Unsqueezed
75 1
allSresults_X Final_results of rotated OAT ar | REFERENCES
#Rotation along the ¥ Axis 50 .
:1;5i22u1t5 = [allTS{Spinu;‘:{N}} fDr: iin Pangeﬁiﬁﬁaj] . o zf\ Z‘\ ‘ . .
e e e T S 25 1 [1] Ma et al., “Quantum Spin Squeezing”, Phys. Rep.
. , 9l A LT TN 0 . M 509, 89 (2011)
—~ * Rotation along Y Axis AT V) 20 ~10 0 10 >0 g | | "
. Easiervisualization of the VAVl R ey avalli . Sy Sz [2] Kitagawa, Masahiro, and Masahito Ueda. "Squeezed
i AN circular shabe when rotated * Y X | spin states." Phys. Rev. A47,5138 (1993)
i pPe t . Squeezed Spin States produced from TAT
' /) |+ Easiercomparison to squeeze : TR
, result in a narrower distribution
SR ’ spin state a[ong this axis Standard unsqueezed spin Rotated by 1/12 to
a7 state produce most narrow spin
: state




