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Mo4va4on	  
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•  When	   speaking	   of	   quantum	   informaNon	   and	  
quantum	   compuNng	   we	   find	   serious	   or	   gate	  
applicaNons.	  Now	  this	  experiment	  seeks	  to	  move	  
from	   the	   theoreNcal	   to	   the	   experimental,	   and	  
being	   an	   introducNon	   to	   the	   properNes	   of	   the	  
gates	  experimentally.	  

	  
•  Example	  

Hadamard	  
gate	  

Half	  wave	  plate	  	  
22.5	  degrees	  



Wave	  plate 	   	  	  
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Or	   retarder	   is	   an	  experimental	  device	  with	   two	  	  
refracNve	   index	   difference,	   which	   is	   able	   to	  
delay	   a	   polarizaNon	   components	   of	   incident	  
photons.	  

| ψ↓1 >	   WP	   | ψ↓2 >	  



•  Quarter	  wave	  plate	  	  	  

	  	  
	  

Wave	  Plates	  
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Theore4cal	  background	  

𝐴↓λ/4  =[█■1&0@0&−𝑖 ] 

𝐴↓λ⁄4  (𝜃)=R(𝜃)𝐴↓λ⁄4  𝑅↑−1 (𝜃)	  



•  Half	  wave	  plate	  
	  

Wave	  Plates	  
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Theore4cal	  background	  

𝐴↓λ/2  =[█■1&0@0&−1 ] 



Experimental	  Setup	  
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Experimental	  Setup	  

Source	  
Opera4on	  
Quarter	  wave	  plate	  
Half	  wave	  plate	  

Measurement	  	  
Boxes	  

•  Laser	  

•  BBO	  Type	  I	  



Source	  
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•  Laser	  	  405nm	  	  of	  	  50mW	  
𝟏𝟎↑𝟏𝟔   𝑷𝒉𝒐𝒕𝒐𝒏𝒔⁄𝒔 	  
	  

•  βBO	  type	  I.	  
	  8	  x   𝟏𝟎↑𝟒 	  	     𝑷𝒉𝒐𝒕𝒐𝒏𝒔⁄𝒔 	  
0.6	  	  %	  	  are	  detected	  at	  
the	  same	  /me.	  
	  	  

	  
	  

Experimental	  Setup	  

• 	  Produced	  photons:	  horizontally	  polarized	  
• 	  Signal	  photon	  announces	  existence	  of	   idler	  
photon	  (heralded	  single	  photon	  source)	  



Experimental	  Setup	  
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Experimental	  Setup	  

Source	  
Opera4on	  
Quarter	  wave	  plate	  
Half	  wave	  plate	  

Measurement	  	  
Boxes	  

•  Wave	  plates	  

•  Polariza4on	  Beam	  
Spli]er	  

•  Silicon	  Detectors	  	  -‐	  
Single	  Photon	  
CounNng	  Module.	  	  

	  



Diagonal	  	  /	  anN	  diagonal	  
basis	  

Right	  circular	  /	  led	  circular	  
basis	  

Horizontal	  /	  verNcal	  
basis	  

Measurement	  Boxes	  
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Experimental	  Setup	  



Experimental	  Setup	  
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Experimental	  Setup	  

Source	  
Opera4on	  
Quarter	  wave	  plate	  
Half	  wave	  plate	  

Measurement	  	  
Boxes	  

•  For	  the	  HWP	  17	  different	  angles	  	  
•  For	  QWP	  9	  different	  angles	  

•  3	  minutes	  of	  data	  for	  each	  angle	  
•  Detector’s	  window	  is	  of	  0.5s	  	  
	  



Process	  
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Experimental	  Setup	  

Signal	  

Idler	  

Pump	  

Source	   OperaNon	   Measurement	  Box.	  



-‐	  QWP	  

	  	  	  
	  	  	  	  	  	  	  	  Horizontal	  /	  verNcal	  basis	  
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VerNcal	  

Horizontal	  

𝑃↓𝑉 = |(𝐶𝑜𝑠^↑2↓(𝜃)+𝑖  𝑆𝑖𝑛  ^↑2↓(𝜃)  )|↑2 	  

𝑃↓𝐻 = |((1−𝑖)𝐶𝑜𝑠^↑2↓(𝜃)  𝑆𝑖𝑛  ^↑2↓(𝜃)  )|↑2 	  

Results	  
	  
	  

theoreNcal	  

Experimental	  



	  
Diagonal	  /	  anN	  diagonal	  basis	  
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AnN-‐diagonal	  

Diagonal	  

𝑷↓𝑫 =|(− (𝟏+𝒊)𝒄𝒐𝒔(𝜽) 𝑺𝒊𝒏(𝜽)  /√𝟐  + 𝑪𝒐𝒔↑𝟐 (𝜽)−𝒊𝑺𝒊𝒏↑𝟐 (𝜽)/
√𝟐    )|↑𝟐 	  

𝑷↓𝑨 =|((𝟏+𝒊)𝒄𝒐𝒔(𝜽) 𝑺𝒊𝒏(𝜽)/√𝟐  + 𝑪𝒐𝒔↑𝟐 (𝜽)−𝒊𝑺𝒊𝒏↑𝟐 (𝜽)/
√𝟐    )|↑𝟐 	  

Results	  
	  
	  
-‐	  QWP	  



QWP	  	  	  

	  
Circular	  basis	  
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Right	  circular	  

Led	  	  circular	  

Results	  
	  
	  

𝑷↓𝑹 =|((𝟏−𝒊)𝒄𝒐𝒔(𝜽) 𝑺𝒊𝒏(𝜽)  /√𝟐  + 𝑪𝒐𝒔↑𝟐 (𝜽)−𝒊𝑺𝒊𝒏↑𝟐 (𝜽)/
√𝟐    )|↑𝟐 	  

𝑷↓𝑳 =|(− (𝟏−𝒊)𝒄𝒐𝒔(𝜽) 𝑺𝒊𝒏(𝜽)  /√𝟐  + 𝑪𝒐𝒔↑𝟐 (𝜽)−𝒊𝑺𝒊𝒏↑𝟐 (𝜽)/
√𝟐    )|↑𝟐 	  
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HWP	  

	  	  	  	  
	  	  	  	  	  	  	  	  Horizontal	  /	  verNcal	  basis	  

VerNcal	  

Horizontal	  

𝑃↓𝐻 =Cos^↑2↓2𝜃  	  

𝑃↓𝑉 =Sin^↑2↓2𝜃  	  

Results	  
	  
	  



HWP	  
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Diagonal	  /	  anN	  diagonal	  basis	  

AnN-‐Diagonal	  

Diagonal	  

𝑃↓𝐴 = |(𝐶𝑜𝑠(2𝜃)/√2  − 𝑆𝑖𝑛(2𝜃)/√2  )|↑2 	  

𝑃↓𝐷 = |(𝐶𝑜𝑠(2𝜃)/√2  + 𝑆𝑖𝑛(2𝜃)/√2  )|↑2 	  

Results	  
	  
	  



•  HWP	  
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Circular	  basis	  

Right	  circular	  

Led	  	  circular	  

𝑃↓𝐿 = |(𝐶𝑜𝑠(2𝜃)/√2  −𝑖𝑆𝑖𝑛(2𝜃)/√2  )|↑2 	  

𝑃↓𝑅 = |(𝐶𝑜𝑠(2𝜃)/√2  +𝑖𝑆𝑖𝑛(2𝜃)/√2  )|↑2 	  

Results	  
	  
	  



•  The	   data	   obtained	   during	   the	   process	   are	   theoreNcally	   expected	  
which	   proves	   operaNons	   with	   qubits	   in	   a	   purely	   experimental	  
process	  and	  shows	  the	  characterisNcs	  of	  each	  operaNon.	  

	  
•  It	   serves	   to	   understand	   superposiNon	   and	   normalizaNon	   concepts	  

on	  qubits.	  

•  Results	  show	  an	  addiNonal	  phase	  compared	  with	  theoreNcal	  values��,	  
due	   to	   the	   alignment	   of	   the	   different	  wave	  plates.	   Therefore	   it	   is	  
necessary	  to	  improve	  alignment	  methods.	  

•  Today	   this	   setup	   is	   being	   used	   by	   students	   of	   a	   quantum	   opNcs	  
course	  (Universidad	  de	  Los	  Andes),	  as	  a	  regular	  laboratory	  session.	  

Conclusions	  
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