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Preparation and complete tomographic measurement
of a biphoton ququart state
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2] FAF Al2E (quDit)> ¥ H-52 (Bell's inequality) ¥ 2 A ste] A3y gAbA
T&ollA &Aool & Ao duEA Utk =AM 43 A A 2" ququart®] TRFEE 4
Fel (pure state, mixed state, and general ququart state)E W53l maximum likelihood methodE 9]
3] Lx=3H(density matrix) TFE A AW E single ququart tomography schemeol] tha] ofF a1z}
3},

AR A} A2l collinear SPDCZH-E AJ4HE = nondegenerate biphoton polarization states
ol g8 TAE = k.
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ol Wl H, V & #xe] 3, F4 A3 A\, Lo B2 AR bg& agS ounstn 2(1)9 U
7HA] FAE AElE o] &3 single ququart® EESIE 42 Hilbert Space® 74 4 AUl single

ququart7t 7HE 4 e o9 FAMYEIE pure (py,,. = @<, mixed (pipeq = dup: ) (F)),

general ququart states©] Q3L o5 LEIFE 29 19 HY FAE S AFHoz F375)
o 2 AgdAE AEX d2E AR Q0 FF5S 7P U#Es] =2 type—1 = type—II BBO
of YAMAIA th3t ququart state
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case I. Pure state

Hx o] HPo] 2 e FHo|H HAZ e s FES 711 type—1 TEE type—II BBO 2A] ¢
8l ququart basis state |H,.H, ), |V,,V,), |H,, W H)yE T stuE A AT ofe R
basis pure state Hta# & o] &3 SU(2) %%‘r% EOH o8 g2 T3 FH=ZE Wilo] 7l&3s).
dE 5°l |H,,H, ) ququart state”} WIFAS FHst GFare] AFE 72, £ HWFe| TH
H(H>—alH>+ V) )7} S B2 FALS 2(1)9] ququart basic states2] 3 H
W) = 0>+ ¢ 1>+ ¢)2)+ ¢3> 2 M}, Avbgd oz 9lole] ququart stateE TE7] A=
Y2 AR U 7 DasAwt 9o WS ol gsH F o AAwoz 2840l £ ququart state
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13 1. Single ququart preparation and tomography

case II. Mixed state

Ao 4, 3 99 #AFS 7HAI BBO AR YAEtE 7 U9l BBOVF S#HA R dd
ququart state® YHE©] Wt} %1011*1 type—I AAS UHs] S A5, ARG HHel o
|H. A HER TEAA I o5 X YolAHY &= A
o] 8] Aol A HE=E mixed state 2](3)o] RHE R}
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Type—II SPDC2] 4%, t}& FTF2| mixed state A4 o] 7}s3tH, X E ququart basis state2] &7
3 mixed states= type—I, type—IIE FAld L= 3t}

case III. General state

21(2)2 9% mixed state7} SU(2) WEAAS AXH pure?t mixed?] e Y¥HAQl ququart state
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Ao HHFo=R FH|H ququart stater dichroic beamsplitter® W3 FEX7]E 3] projection
measurements & F Atk F 16709 basis ZFel i 72t SAAle Had odldE Fshal
photonic tomography W% & 32 2+#] % maximum likelihood method'? ©]€3] W=d42 A3k
o 2 R E AY HolHE Atge® A" DT p, o H HERAH S Fall folof sk

ol 2R U= T pieor, = ANSEA] BAME ququart stateE 9] fidelity F=(Tr\/\/pthwrypexp\/pthom, )?
£ F3o 24 single ququart state®] full tomographyE HOJFEE 3t}
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