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o Quantum mechanics; TRANSMON qubits; read/set
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Ondulatory behaviour

particles have wavelength : A =h/p

... and a wavefunction : |yv) = Hilbert-space vec

Superposition of states overlap of state ¢ onto y :

VWV oottt = (1)
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each with own momentum
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\ A=— - of uncertain momentum

and location

- Heisenberg uncertainty
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Quantisation

Schrodinger equation
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Spin

Stern-Gerlach experiment < 1) = |+4) S,

ol [

- electron has intrinsic spin

- that is quantised T or {
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Transmon qubits
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Transmon qubits

Transmon qubit

- anharmonicity engineered

- immune to Vg variations

- phase-state qubit

r\hﬂrﬂl'\
E,/ E.= 30.00

0.5 \\‘k
Ng 0.75 . \J/’/o.zs

0.5

“. JINR University Centre /IR ETEl (i and DFCTI Department IFIN-HH, Romania

C ) n>10%
< 41T ' 14
A E Ng = 1/2, 5§D= 0 s
> . E v,, = 17 GHz ; ~
L,“;u’ ¥ 5% asymmetry Tr
21| | i 2
1-
0
05 0
1
15
> 0
o5 W V
2 Lo I — 1

transm.-line shunted plasma oscillation qubit

25.March.2022



Interaction w/ qubits

Microwave cavity

- fundamental mode

- interaction w/ qubit dipole

'd

Hint = —d - Ea:

= —d, &y (é}, &T)(J+ + 0_)
DRESSED states

ground state
9,0) /; excited

n,—) = cos(f,)g,n+1)—sin(6,) 677‘7})/ cavity

sin(6,)|g, n + 1) + cos(6,)|e, n)
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Qubit readout

Readout pulse

- homodyne measurement

- dressed-state frequency

cos(o_t +d,)
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Qubit manipulation

Manipulation pulses
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9 ROOT package

JINR University Centre /IR ETEl (i and DFCTI Department IFIN-HH, Romania 25.March.2022



ROOT package

- | downloaded from CERN the ROOT-5.34 (Windows)

- | learned how to write my own macro and do fits

i ROOT FITS

cl - o x
void myf1t() { File Edit View Options Tools Help
// TGraph gr ("data.txt", "%1g %1g"); Z /nd 3.275¢+04 /46 |
// TGraph grr ("test.txt", "%lg %*Ig %1?") xdﬂ f _|_€ ;

// TGraph grrr("test.txt", "%1g %*1g %*1g %1g™) e o P — =3.516 + 0.001832
1 S LR ' A 3.68 % 0.002302

gStyle->SetOptFit b 03414+ 5.527e—-05

Style->SetLinewidth(2 . ) - B

goryle>SerLineNiaEh(2) phi 1.909 + 0.001559

TGraphErrors* gr = new TGraphErrors("z2.txt") il

Int_t N = gr->GetN() a

Double_t x,y i

for (Int_t i=0; i<N; i++) { i
gr->GetPoint (1, X, y) .
gr->SetPointError(i, 0.01, 0.01) Ul
gr->SetPoint (1; ®J1:0; y)

FEL FieC i’ “C(Lols[1]=stnCes]2]+[3133": Oy 49) & :
fit.setparName (0, "ped" ) 5
fit.SetParName (1, "A" ) -
fit.SetParName (2, "f0" ) 4
fit.setparName (3, "phi" ) i
fit.SetParameter(0, 0.500 ) e
fit.setParameter(l, 0.500 ) 40 50
fit.setparameter(2, 0.400 ) delay [us]
fit.setpParameter(3, 0.000 )

gr->Fit("fit") Terminal - O x

File Edit View Search Terminal Help
3 fe 3.41364e-01 5.52719e-05 -3.53413e-07 -2.40669e+01
4 phi 1.98931e+00 1.55917e-03 7.86667e-06 -8.55500e-01 I
root [3] |}
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© HYBRILIT experience; SU2 package
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HybriLIT Experience

SUZ2 package

- model dispersion of a square wave on a transmission line:

ot Iy utdu
Z=R+jolL
Y=G+joC

(o1)e=(ev)ar (o)

¢ _'7 y.
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HybriLIT Experience

7, = YO_1 = /L /C, line characteristic impedance
/\;1 = (RYy — GZy)/2, dispersion length

Mt = (RYy + GZy)/2, attenuation length

a

c = 1/+/LC, signal propagation speed

-equation: 0, + 01(0ct + A1) + joayt =04,

@ w — e—ct/)\a¢

Oy + 010t —}-jO'Q)\;l — ) P

- solution:

i 8—72(1+01ﬁ)%(m_m)
- |¢50
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HybriLIT Experience

SUZ2 package
- | used the SU2 package to model the propagator:

propagator(real x, real t, real )}

real gamma = sqrt( +f*f*Ld*Ld/c/c)

real beta = sqrt(gamma*gamma-1) / gamma ;
return eA(- ( +sx*beta)*(J* sy) ‘(Xx-beta*c*t) ;

*gamma*gamma/Ld) ;}

>
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HybriLIT Experience

SUZ2 package
. : 1.5 1.5
- | obtained a very nice g C
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e Qubit measurements
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Qubit resonance frequency
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T, determination
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Qubits on the Bloch sphere

Bloch sphere

Bloch sphere 2,
- 2 level system always equivalent to spin
o\lv)
- arbitrary wave-vector can be written as: . | §
e : : )
|w>:wT|T>+7f’¢|¢> h < _ ¢ _\:J,,/ 0)+¢[1)
1 V2

= e (Junl - 1 1) €@l 1) )

1)

= e flon + 1l (s | 1) + — et )

VAR VAR

0

. O .
__ i 2 2 v 2 Ji(p—o1)
= el 1l (cosg | 1) + sing 0] 1) )

)

Y
represented on the Bloch sphere

\
n""T, y.
JINR University Centre /IR ETEl (i and DFCTI Department IFIN-HH, Romania 25.March.2022




Quantum logical gates

CIRCUIT
REPRESENTATION

MATRIX BLOCH
REPRESENTATION SPHERE

H gate: Input Output
rotates the 1T (11
qubit state by —1H — H= E (1 _1) 0) 10) +[1)
m radians (1809°) V2
about an axis :
diagonal in the 1 o)1)
x-z plane. This is )

equivalent to an
X-gate followed
bya 5 rotation
about the y-axis.

2U3(0, ¢, \) = cos (14PN 1 4 (1 — A9 Jz] + sz’n§ {e_”\(u + e“ba_]

controlled-U gates

if q[0] = |1) operation U is performed on q[1]
else ID
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Calculation of results

Entanglement
- 2 qubit states: | 1), [ TL), [1T) and [ L)
| RS EINEY
- entangled states: ) = el
- c-Hadamard gate: qlel [0) '
ar1] lo) —AID! E=
0) + [1)

|o0) |01) |10) |11)

c2

Y
1

o <«

JINR University Centre /IR ETEl (i and DFCTI Department IFIN-HH, Romania 25.March.2022



QASM-2 language

Circuit composer Circuit editor
OPENQASM 2.0;
afel |o0) ' zA ' include "gelibl.inc";
a1l 10) —|ED" By '
— qreg q[5];
q[2] |0) | creg cl[2];
q[3]1 [0) h qlel:
q[4] |0) ' id q[1];
- ch q[0],q[1];
o measure q[0] -> c[0];

o |«
g

measure q[1] -> c[1];
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IBM-Q Experience

5

NE

Create account

IBM Quantum Composer

Composer files File

Edit Inspect View Share

1 files T Untitled circuit saved

- s HOBHEDE
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Visualizations seed 4525

OpenQASM 2.0 ~

Open in Quantum Lab

1 OPENQASM 2.0;

2 include "gelibl.inc";

4  greg ql[2];

5 creg c[2];

6

7 zreset qlO];

8 7zreset gl[l];

9 h qloel;
10, id ql1];
11 ch q[@],q[1];
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Grover algorithm

repeat O(v/N) times

ancillary qubit

Us,
0) = e =A==

il
:

state preparation | Oracle ’< Grover diffusion operator >‘
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Oracle

Detect the |1,1) state

cc-NOT ([ q,):94,9,)

q[o] 10) — X"

q[1]

ql2]
lﬁv_l
Oracle

NOT(]0)-11)) =
ID(C10)-11)) =

[INE /‘
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| 1)-10)
[10)-11)

=NOT(]|qy)) .... for(q,, q,
ID(]qy)) ... for(qy, q;

-(10)-11))
+(10)-11))

Signals with a “- 7 the target state
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Implementation & results

IBM Q-Experience

Circuit composer

q[0] |0)

ql[1] |0) '
at21 o) SN

o

ql3] |0)
ql4] |o)
| W 7 /NN VvV 4
L3 state preparation Oracle Grover diffusion
c2 1 0
¥ | 0]
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Implementation & results

QASM-2  Circuit editor

OPENQASM 2.0; i L2l :

include "qelibl.inc"; x qlll:
x ql2];

qreg ql[5]; QL1 ;

creg c[2]; 17| wx gl2].gl1];
h ql1];

x q[0]; 19| 1d qUZ];

h q[l1]; 20 x ql[1];

h q[2]: 21| % g2l

h q[0]; 22| h ql1];

ccx q[1],q[2],q[0]; 23| h q[2]:;

h ql1]: measure q[1] -> c[1];

measure q[2] -> c[0];

z /7___‘_./‘
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Implementation & results

Results _ , ShEs
ibmqg_gasm_sim

joo) |o1) [10) [11)

ibmg_essex

62.01%

24.51%
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Conclusions

Personal opinions

- | learned about the quantum physics fundamentals of qubits and did
some interesting hands-on determinations (f,, T,, T,) of the ibmq_armonk
qubit system on IBM’s Q-Experience site

- We had access to the supercomputing cluster HybriLIT of JINR, which
was very cool — for an SU2 simulation package in C++

- | learned to use the ROOT package from CERN to process and do fits
on data

- We learned how to process multiple-entry quantum gate output and
walked through the Grover quantum search algorithm — and after
implemented and ran it on IBM’s Q-Experience site

- The professors were very good and friendly, | highly recommend this
student training programme ! 17
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