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We experimentally demonstrate precise Raman matterwave control at an intermediate single-photon Rb*" D1 5 e) ‘Composite Biased Rotations ’ (CP-BR)
detuning A = O(wy;s), Where a balance between the optical power efficiency with the requirements on \
the control speed and the suppression of excited-state dynamics can be adjusted. The method is based A r
on composite biased rotationl!! that exploits the proportionality between the traditionally “unwanted” TR AT ,
light shift § with the Raman coupling Qg. At A ~ 4wy, mesoscopic samples of 10° 8’Rb atoms are K 2 K
uniformly controlled, within tens of nanoseconds, near a laser focus with merely ~10 mW power. The _l o 172 j
control Is fast enough to be immune to low-frequency noises, so our system can be accurately L
modeled. The F > 99.2% fidelity is estimated with standard single-qubit QPT!?land RBI3l. Our work g I )

. . . . . . hfs
suggests highly precise spinor matterwave controls are achievable for large atomic samples with | )
moderate laser power, even in noisy environment. €10
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SU(2) rotation operator: U(A, b, ) = lcosé _ z‘siné% SEADS Oy DR ﬁ W Raman control / \
( ) 2 2 V1 + b2 1 » \ | Depumpingl, Probel Repumping Probe?

50 100 150 200 250 300 350 400

20
| 10D N 20 &
n -4 \3/-2 -1 0 f gg 05
2 O 100 0

1o -
Gate fidelity: e 63; W10 U3

0.4
i 0.2
0

B — fEOM~16GHZ CaI‘I'ieI‘/ 100 200 300 400 500 600 700 800 900

0 30 40 60 140 160 »t(us)
2,1
(:I ):( S ~50m fiber delay U
E *

Gradient: Gi = ——= =UN""" 0z'—|—1

" & (ﬂ)' - *  Quantum process tomography
w2t tlz
° " _
s 0 Ramsey Interferometry and Multiple n-Gates Gates base : { Rva(7/2), R 1y(1/2), Ra(m), Ry (m) )

-ml2 1 Ramsey ‘e Multiple = Gates

- ' ' ' -Tr ' ' ' | ==§=§I‘ﬂ§_‘§“‘ﬁ= - I_ T

0 20 40 60 80 0 20 40 60 80 0sl 0sl b .iﬁii _,+ >+ R
N ot _w 1 _ g t
° Pulse noise res:lllence mo_e- mo_e- [ | \ e — Nexp =4 Nexp = 4*%4 Nexp = 4%4*4
< S - - §20.992 d?
04} 04} 1 . n
(a) Ty S —— Gate y — matrix: A(p) = ;1 xjxPjpPy P € PP ={1,04,0,,0:}
0.2+ > y 0.2+ ] Jye=

21077 Rm(%) Roio() ! . 1_;1,3,@:&4“"{ ;

[, 0® . . . ° olLe-—®- " . .

o -1 -0.5 0 0.5 1 5 10 15 20 25

E 10-2 o(m) Kick number

S « Randomized benchmarking and dynamic decoupling!?3! | | .2

= '

1 0—130_2 —r .1,0,_1 1 0_130_2 1 0._1 —r 1 .00 Gates base ;{ Rix(7/2), Riy(n/2), Ruy(7), Riy(ﬂ)} 7r Gates base :{Rim(ﬂ') R Riy(‘ﬂ')}
) ) ) N :
Amplitude noise level Phase noise level | : " (nis 0dd)
[ | [ )
Blue: N = 20, A =4m, Red: N =80, A= 4 m, Green: N=80,A = 5.51 ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ y ﬂ ﬂ ﬂ ) NN NN LN RN (BN :
” o 7 - g - - - =)
Random Gates Sequence Ro(5) Ret(m) Rotgo(m)  Rergoo(m) Rorp () Rery, () Rero(3) x|

G e . T

8 .. ..
- - - : _ 8l | Fidelity : 99.62%
The 99.2% fidelity is less than the F =99.7% | - Pauli transfer matrix : (Ry). — LTr(PA(R)]
theoretical limit, likely due to digital noise in the | 2°° - ey bd :
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* Doubling A and laser power together lead to F~ 02} 0 i 02 ) , Fidelity : 99.37% |
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« Toward a practical large area atom interferometer for Gate number = Gate number s

wideband, noise-immune inertial sensing.
 Scaling-up the Raman control for advanced quantum
Information processors.
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