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Overview

Qubit Type Pros/Cons

Pros: High gate speeds and
fidelities. Can leverage standard
lithographic processes. Among
first qubit modalities so has a
head start.

Superconducting Cons: Requires cryogenic

cooling; short coherence times;
microwave interconnect
frequencies still not well
understood.
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Quantum Circuits, Inc

Pros: Extremely high gate
fidelities and long coherence
times. Extreme cryogenic
cooling not required. lons are
perfect and consistent.

Trapped lons Cons: Slow gate times/
operations and low connectivity
between qubits. Lasers hard to
align and scale. Ultra-high
vacuum required. lon charges

may restrict scalability.
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Quantum

Pros: Extremely fast gate
speeds and promising fidelities.
No cryogenics or vacuums
required. Small overall footprint.
Can leverage existing CMOS

Photonics fabs:

Cons: Noise from photon loss;
each program requires its own
chip. Photons don’t naturally

interact so 2Q gate challenges.
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Computing

Pros: Long coherence times.

Atoms are perfect and ColdQuanta
consistent. Strong connectivity, COMBUTING. NG,
including more than 2Q. External

Neutral Atoms cryogen?cs not required. t el \1
Cons: Requires ultra-lhigh . go?nnr‘)uting . rf
vacuums. Laser scaling PASQAL
challenging.
Pros: Leverages existing si
semiconductor technology. = ’ llicon
Strong gate fidelities angy ( ‘ntel, D Quantum

Silicon speeds. Computing
Spin/Quantum Cons: Requires cryogenics. Q d i ra
Dots Only a few entangled gates to- <, q

date with low coherence times.
Interference/cross-talk
challenges.
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Advantage

e

superconducting processor

;Quantum computational advantage using photons
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Fat that i faser than using the state-ofthe-art semubation

Programming

import cirq

# Pick a qubit
qubit = cirq.GridQubit(

# Create a circuit

circuit = cirq T3 R 3 (e .
cirq.X(qubit)**8. 5,
cirg.measure(qubit,

)

print("Circuit:")

print(circuit)

# Simulate the circuit
simulator = cirq.Simula
result = simulator.run()
print(”Result )
print(result)
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Introduction---IBM Quantum Computer
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Quantum algorithm and application modules

Machine Learning | Natural science | Optimization | Finance

Eagle spre! Condor Flamingo Kookaburra
127 qubits i 1,121 qubits 1,386+ qubits 4,158+ qubits

IBM has ambitious pursuits:
° 433-qubits IBM Quantum Osprey

Readout assignment error v

o Three times larger than the Eagle processor (127-qubits)
° Going up to 10k-100k qubits. ' ’

i i Tl . .
Credited to Thomas Prior for TIME Now, IBM provides up to 127 qubits for free.

CNOT error v

Avg 1.208e-2

v
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https://time.com/6249784/quantum-computing-revolution/?utm_source=twitter&utm_medium=social&utm_campaign=editorial&utm_term=tech_security&linkId=198703144

Introduction---Origin Quantum Computer

‘ Job Scheduling System ‘—

T Classical Computer

Xq[1]
Xql2] ] \
CNOT q[21,q[1] Quantum-classical

: Hybrid Program

Quantum Compiler

! Quantum Circuit Compilation i

. , ? 3 i i) E
Classical computing i i _ ] ! Quantum Computer
: i | | H antum Cor &

® Quantum

computing tasks

tasks

Calibration tasks

Quantum Resource

Management °

Origin wuyuan:
o The first “practical quantum computer” in China.

Fidelity average 0.99915 Fidelity average 0.9808

. . - -
o 24-qubits with own control system.

min: 0.999 max: 0.9993 min: 0.9707 max: 0.9909

Origin wuyuan provide up to 6 qubits for free.
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Overview

Quantum Information Science

Quantum
computing
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Simulation

Outline of today

Applications of quantum computing in HEP

. . ... L & ¥ e
o Simulation R et !

o Parton shower correlations - :.

o Lattice QCD ..,,;:;' v,‘.‘;....;;
o Reconstruction

o Particle tracking
o Analysis

o Higgs analyses

o SUSY search

o

Reconstruction

Analysis

1 E S5E ¢ Data ATLAS E
Progress has been very rapid here. D sof s (44 3o o
?@ 25:_—SignaI+Background All categories _:
S F In(1+8/B) weighted sum 3
2
ksl
£
@
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Outline of today

Theory

Real-time
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ntroduction---SVM

SVM: K4 79 3 18] by e KA —— T3 25/ 8] ) i) 7
A8 I A s A8 ) - T B AT 02

> E AR {x, v} x NRFIER R,y NRE AR
> SVMPJHRSE R ECN

f(x) = wTx+b
Hrh o A FHENE, b WE
> BCRACTEIRE: ZIRPU R &, 2P

yi(wTx; +b) > 1

i A% B H S B %L (Lagrangian Dual Function) fEU-IZ 2 SRACAL 1] 55 . KK, K, 3
= Zai L Zaéajyiyjm?:cj
Tt Kaoo,
R (K ) BRI TR (kernel trick) a0
WA T BREUPE S 4ER R, FREITEACE,
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http://luojinping.com/2018/04/14/Stanford-Machine-Learning-7-SVM/

Introduction---SVM feature map

High dimensional mapping 0

X = (xl)T - p(x) = (xpxlz)T

& I S Separation
<§\ X possible
W& &

Separation
Impossible

2025/1/17 Qiyu Sha qgsha@cern.ch




Introduction---SVVM code

import numpy as np s, N

from sklearn import datasets é53|?E1§2:

from sklearn.model_selection import train_test split

from sklearn.preprocessing import StandardScaler . )= 7' .
K(x;, yi)= xi x;

from sklearn.svm import SVC
from sklearn.metrics import classification_report, accuracy_score

# |NEEHES
iris = datasets.load_iris() zlﬁﬁ*Z:

X = iris.data
y iris.target

# (BB

X_train, X _test, y_train, y_test = train_test_split(X, y, test _size=0.3, random_state=42)

# | BRI E
scaler = StandardScaler()
X_train = scaler.fit_transform(X_train)

K(xi, y;) = (x{x; + c)d

model = SVC(kernel="'poly', degree=3)

= —_ . / A

X_test = scaler.transform(X_test) ﬁ%],Jf §§ﬂ5]§§§1§§:
# Wligsvi 2
model = SVC(kernel="linear', C=1.0) . |in—ﬁXj”
model.fit(X_train, y_train) K(xi; yl) - T‘_z

Il
L . model = SVC(kernel="rbf', gamma='scale')
y_pred = model.predict(X_test)
# ISR

print(classification_report(y_test, y_pred))
print("Accuracy:', accuracy_score(y_test, y pred))
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What we can do?

0y —— ———=]
e R.0 &) HR,) H [ R.(2-7) = By (7))

00—
— H [ R.(2- ) A By (7:) —® H R.(2-75) A By () —@ |0y ———

l U (T5) ITANE!

|0) ——— ——{—1
— H R.(2-7) R, (%)) ® H A B2 7;) o RBy()) W =

|0) ———
— H RZ(QT_‘}) =l Ru(’l-’;) Tast H P RZ(Q;E;) — Ry(fz) i [0) —
— HHH R.2- &) H R, () —l @ I B2 %) By () l b \
— H R.2- %) o R, (%) D H A B2 7) A By (%) B

Kl,l Kl,z K1,3
The only Quantum part in the QSVM! K,

) 2
k(ﬂﬂ’?) — ‘<U®N| Z/{;(ﬁ)u‘p(m}) |U®N>‘
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What we can do?

https://arxiv.org/abs/2212.07279

Quantum

Classical
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https://arxiv.org/abs/2212.07279

QSV I\/l » Code path: /cefs/higgs/shaqy/Quantum/QC_HEP/For_tutorial/QSVM

» Env: source /hpcfs/cepc/higgsgpu/shagy/miniconda/etc/profile.d/conda.sh
Conda activate Qiskit

SVC(ZFFm =47 95 43):
1. 8 H & X Fkernel 5[4

>»>» import numpy as np
>>> from sklearn import svm

2. . A] LLiE i kernel=‘precomputed 1% Tji Z: A% 1 Tl >>> def my_kernel(X, Y):

T kernel GEH NGramBilE) o FHEm ge 0 e edere D

I 45/ T O 16% P Gram KB 5 FQ B AR UARIEJIOHRX > €1f = sm.svc(kernelony_kerrel)
RSN .

> ﬁﬂaﬂ: E‘ﬁ*? iﬁ E/Jr ;z; ;?Eir:kﬁzﬁﬁx’cggets import make_classification

>>> from sklearn.model selection import train_test split

>>> from sklearn import svm

»»> X, ¥y = make classification(n samples=1@, random state=e@)
»>»> X _train , X test , y train, y test = train test split(X, y, random state=e@)
>»> clf = svm.SVC(kernel="precomputed’)

>>> # linear kernel computation

>>> gram_train = np.dot(X_train, X _train.T)

>»> clf.fit(gram train, y train)

SVC(kernel="precomputed")

>>> # predict on training examples

>>»> gram_test = np.dot(X test, X train.T)

»>»> clf.predict(gram test)

array([e, 1, @])
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https://scikit-learn.org/stable/modules/svm.html#custom-kernels

COd | ﬂ g_QSV I\/I » Code path: /cefs/higgs/shaqy/Quantum/QC_HEP/For_tutorial/QSVM

» Env: source /hpcfs/cepc/higgsgpu/shaqy/miniconda/etc/profile.d/conda.sh
Conda activate Qiskit
Vava ol fl mot .
R . Or: source env.sh

F— £ (stepl dataset_pre.py)

Ad hoc dataset

#algorithm_globals.random_seed = 2625

adhoc_dimension = 2

train_features, train_labels, test_features, test_labels, adhoc_total = ad_hoc_data(
training_size=20,
test_size=5,

e m O0O

n=adhoc_dimension,
gap=0.3,

plot_data=False,
one_hot=False,
include_sample_total=True,

One-hot :F T 70 38 & oy — it i & 2.
EHT LML /22800 8. {HiEfeature &R KI, &
S EgE M AR, O E /AT
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Coding-QSVM

%:/ (] JFstep2_QSVM.py)

adhoc Feature _map = ZZFeatureMap(feature_dimension=adhoc_dimension, reps=2, entanglement="linear")

A — N T RFAE LT — — F R & B s G 2l B 1S

XA 1 Qiskit H fif fJZZFeaturemap/E N E T HE:  (ATLLEATIAL )

HAZ o)1 A

1. Hgate

2. RZiEHI]

3. 4[] CGEICXHRZEZHINE T RS D

r;ﬁszéﬁnﬁ(ﬁ%ﬁ@%%; entanglement: XT& T LUHFATA 2, AR =T LR S AR T
28 M2\ g

F=20: WliathE T I B Kernel —— i JG I\ Qiskit.gsve or 1E N T FAZ $i ASVC.

sampler = Sampler()
fidelity = ComputeUncompute(sampler=sampler)

###Use fidelity
adhoc_kernel = FidelityQuantumKernel(fidelity=fidelity, feature_map=adhoc_feature_map)
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Data encoding and processing e

Pauli-X (X) +x} e [ 4
T N bt TN
t . 4 7 _
Dataset g Feature ma uantum Device O Pauii-y (v) -y} i
8
) . = \ Q
O O _@0 OgCe o s 4 ] z [0) R.(2 !’}Hn““‘)l @ k= Pauli-Z (Z) —E— [rll —?]
ctegeess |f 5V s E R 1]
0 0 _00 0gC¢ el Xk | 10) Ro(202) By x) zd g EARKI Hadamard (H) H - TH L
o&sSeovaod N8 £ I1IP AN 3]
20090 9% g = £ w|E| A0 —EHRC ) R o—1 9 BN\ Phose (5. ) b
© O, O g 5 ; X SRR n/8 (T) pkly o o]
R vo QAP 0 e
(900 8,9 60> % S N 0 —# [ RL22) [ B2 [0 (7] E bl
O O @0 O O. Q e 15 T 8 g Controlled Not -t [ﬁ E E ;il
\E__—__H/,o—.%—g'%‘gé.l@ 2 r._._ X 0) — H = R.(2-2,) | R, (2,) & @ 8 (CNOT, CX) —h— o 0 1 0
a IX
@] OO.O 0OgCe & U::J —— 10 0
) ’ iy o1 0 1]
Ceboegeso ) = R g 00 o [ i Conealea 2.(©2) gy [ [: R
C )
. . 1 o 0
Quantum Kernel estimation SWAP X [ﬂ T oo
2 a 0 o0 o0 1
KE, %) = | (@F)] ©))|
oo e
(CCNOT, —— 2 0 6 0 10 08 o
CCX, TOFF) —— EEERERE

®Encodingthe ete™ - ZH — qqyy (signal)and e*e™ — (Z/y*)yy (background)

@ Six variables are passed through preliminary mapping and then passed to a quantum circuit for evaluation.

@ The Quantum support-vector machines kernel (QSVM-Kernel) is evaluated for each data point and the rest.

2025/1/17 Qiyu Sha qgsha@cern.ch




Feature map and quantum kernel estimation

Quantum feature map determines the QSVM-Kernel: 10) — ; —1—=]
> Iqentlcal Iayers | o0 5 =]
» Single-qubit rotation gates :
» Two-qubits CNOT entangling gates 0 — Lo () Lt (o (=]
(5 ! 4 L
Rotation Depth Events Best AUC Variation [0 — :
Rz (2 a3) + Ry (2;) 0.935 0.009 i
R (4;) + Ry(z3) 0.933 0.015 0) ——
Ry (23) + Re(25) 5 5000 0.932 0.015 ;
R. (%) + R () 7 0.932 0.014 0) —— :
Ry () 0.928 0.008 :
R () 0.928 0.008

QSVM-Kernel estimation:
» Using 6 variables mapped to 6-qubit
» The expectation of each data point

by
b

by
b

by
b

_ 2
k(1,75) = | (02N U e o) [0°)]

by
b

by
b

by
b

Do h g e

2025/1/17 Qiyu Sha qgsha@cern.ch




AUCs as function of the event

» The QSVM-Kernel and classical SVM classifiers with different dataset size from 1000 to 12500 events.

» The quoted errors are the standard deviations for AUCs calculated from several shuffles of the dataset.

& 0.96

= z :

0.94
0.93
0.92
0.91

0.89
0.88
0.87
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o Cla55|cal SVM

—— QSVM-Kernel

—IIII!IIII|IIII|IIII|IIIIE\IIIiIIIIlIIIIEIIII'I\II—
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Performance of the quantum simulator

» The performance of the QSVM-Kernel using State-vector-simulator from IBM and the classical SVM.

» Use 12500 events for both signal and backgrounds.

00h s
0.8
OTh ]

Background rejection

g by geefeepopep oo b g teegoog o]

030

0.2 - QSVM-kernel (AUC - 0.940 + OODT]'

| — Classical SVM (AUC = 0.947 £0.002) ||

00 0.1 0.2 0.3 04 05 06 0.7 08 09 1
Signal efficiency
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Performance of the real quantum computers

» IBM Nairobi & Origin Wuyuan quantum computer hardware

» Use 100 events for both signal and backgrounds.

> . }'I
Use 6 qubits. @
-

@

O

—

u_

@

Qubit Door Average Fidelity o (7 gate average fidelity =
Readout assignment error v °_°_° c

-

Avg 2.700e-2 Fidelity average 0.99915 Fidelity average 0.9808 E

n

o min:0.999  max: 0.9993 min: 09707  max: 0.9909 ﬁ

[an}

(NN

AAAAAAAAA

I
—0—0 0000090

IBM Nairobi quantum  Origin Wuyuan quantum
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How to do it

» Official Tutorial: pyQPanda

Set up: Requirements: > Code path:
» pipinstall  Linux /cefs/higgs/shaqy/Quantum/QC_HEP/For_tutorial/QSVM_hardware
pyapanda
Gee >=5.4.0 » Env: source /hpcfs/cepc/higgsgpu/shaqy/miniconda/etc/profile.d/conda.sh
Python >=3.7.0 6&<=39.0 conda activate QT _re (conda deactivate)

» Everything is similar as IBM:

» Only three steps: Use IBM Qiskit to generate QSVM kernel (gen_qgasm.py shown in the next page.)

QASM(Quantum Assembly Language): —_—

}

Convert QASM to program in wuyuan
Get the kernel matrix.

The same way as IBM:
2025/1/17 Use classical way to get results.



https://pyqpanda-toturial.readthedocs.io/zh/latest/index.html

How to do it

Same as IBM tutorial:

> Create a feature map and kernel using Qiskit Different part: (In red frame.)

np.random.RandomState(0)

rng

i > Save the dataset into a file(txt or .csv)
backend = BasicAer.get_backend("statevector_simulator")

feature_map_cus customised feature_maps.FeatureMap(num_qubits=6, depth=1, degree=1, entanglement="full', inverse=False)

» For different (i,j) in train/test dataset:
i in range(1) » Generate a QASM file.

5,2

seed 2022

s > One file represent a feature map for one point in
data = pd.read_csv("sample_%d.csv" % 1) kernel matriX

train = data[0:100] :

test = data[100:200]

OPENQASM 2.0;
include "gelib1.inc";
qreg q[6].;
creg c[6];

u2(o,pi) q[o].

train.pop('tag')
test.pop('tag')

train_data train. to_numpy()
test_data test. to_numpy()
¥_train train_data

X_test test_data

[=

rz(0.522150994) q[0];
q_Eacker Quantu*’Instfﬁ-*ce(backenc:, f_ 0, seed_si >, seed bl\- ne) u3(0.261075497,0.0,0.0) q[[.] :
_kerne QuantumKernel( feature map=feature_map_cus, quantum_instance=q_backend n reom o - . .
= ( | ) u3(0.658964753,0.0,0.0) q[0];

gsvm_kernel matrix_train q_kernel.evaluate(x_vec=X_train)
qsvm_kernel_matrix_test g_kernel.evaluate(x_vec=X_test, y vec=X_train)

rz(1.317925506) q[0];

i 12(0,p1) 0];
np.asmatrix(qsvm_kernel_matrix_train) u2( PL) DI[ ]
np.asmatrix(gqsvm_kernel_matrix_test) uz(o,pi) q[1].;

i Jecrort ) rz(0.845885038) q[1]

4 arameterVector('x', length=t
' 350 A OATEAD [ N e

y = ParameterVector('y', length=6) u3(0.422942519,0.0,0.0) q[1],
circuit = g_kernel.construct_circuit(x,y) u3(0.0224528909,0.0,0.0) g[11];
circuit = q _backend.transpile(circuit)[0] rz(0 [I443Ij5?ﬂ‘3] L.H:'I

i range(100): uz(0o,pi) q[1]

i range(100):

f open("all_gasm_train/qasm_%d_sd.txt"%(i,j), 'w")

cirtemp circuit.assign_parameters({x:X_train[i], y:X_train[j]}, inplace=False)

f.write(cirtemp.gasm()) ch 23

f.close()



How to do it

» Apply a key in the OriginQ website.(One key
can run 1000 jobs in one day.)

py

AN AR

run(, j):
- . . . . QCM QCloud()
» Apply X qubits and classical bits which used QCM. init_qvm("58DCD70A14814A4DB73ACFSC8F854FA2"

to save the result.

1list = QCM.gAlloc_many( S

QCM.cAlloc_many(:5

o init_quantum_machine(QMachineType.CPU
» Convert QASM to program. L

prog_trans, qv, c convert_gasm_to_gprog ”all_qasm_train/uasm_ 1_Jed.tXt"%(1,]), qvm

)v Use rea|_Chip_WpeiOrigin_Wuyuan_d5 to Sult QCM.real_chip_measure(prog_trans, 10C , real_chip_type.origin_wuyuan_d5
run. '

"job failed" i,]
result['00000']

open("results_train_try/result_%d_

Ei P e 1,71),'w'
f.write(str(value

» The value with [‘00000’] is the point of
kernel matrix. Save it. Sl
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How to do it

» Import the kernel matrix.

» Then use the classical svc to get the final results, generate AUC
value and draw plots.

el="precomputed")

st_label oh, predictions[:,

]
train_kernel_line.append(

i>j:

train_kernel line

Qiyu Sha shagiyu@ihep.ac.cn 25




Quantum transformer

» Quantum Transformer:
» At the core of any Transformer sits the so-called Multi-Headed Attention.

» We apply three different linear transformations Wy, Wk, and Wy, to each

element of the input sequence to transform each element embedding into
some other internal representation states called Query (Q), Key (K)

and Value (V). These states are then passed to the function that calculates
the attention weights, which is simply defined as:

QK"
vy,

» To promote the Transformer from the classical to quantum real, one can
simply replace the linear transformations Wy, Wy, and Wy, with variational

guantum circuits.

Attention(Q, K, V) = softmaxy( )V
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Figure 1: The Transformer - model architecture.
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Code detall

Quantum transformer: (This code following here)

> The MultiHeadAttentionQuantum block

» Change the linear transformations.

class MultiHeadAttentionClassical(MultiHeadAttentionBase):
def _ init_ (self,
embed_dim: int,
num_heads: int,
dropout=8.1,
mask=None,
use_bias=False):

super(MultiHeadAttentionClassical, self)._ init_ (embed_dim=embed_dim, num_heads=num_heads, dropout=dropout, mask=mask, use_bias=use_bias)

= nn.Linear(embed_dim, embed_dim, bias=use_bias)
self.g_linear = nn.Linear(embed_dim, embed_dim, biss=use_biasz)
self.v_linear = nn.Linear(embed_dim, embed_dim, biss=use_biasz)
self.combine_heads = nn.lLinear(embed_dim, embed_dim, bias=use_bias)
f.head_dim = embed_dim // num_heads

def forward(self, x, mask=None):
batch_size, seq_len, embed_dim = x.size()
gzsert embed_dim == self.embed_dim, f"Input embedding ({embed_dim}) does not match layer embedding size ({self.embed_dim})"

K = self.k_linear(x)
Q = self.q_linear(x)
Vo= self.v_linear(x)

% = self.downstream{Q, K, V, batch_size, mask)
output = self.combine_heads(x)

return output

self.n_qubits = n_gubits
self.n_glayers = n_glayers
self.g device = g_device
self.head_dim = embed_dim // num_heads
if "qulacs' in g_device:
self.dev = gml.device(g_device, wires=self.n_gubits, gpu=True)
g£lif 'braket' in g_device:
self.dev = gml.device(g_device, wires=self.n_gubits, parallel=True)
else:
self.dev = gml.device(g_device, wires=self.n_qubits)
def _circuit{inputs, weights):
for i in range{n_gubits):
gml.Hadamard(wires=1)
gml.AngleEmbedding(inputs, wires=range(n_gubits))
gml.BasicEntanglerLayers{weights, wires=range({n_gubits))

return [gml.expval(gml.PauliZ{wires=1i}) for i in range(n_qubits)]

e —_—

i

,f”EEIF.qlayer = gml.QNode{_circuit, self.dev, interFace="tc;:;:;h‘““‘w\

\“uaiglF.weight_shapes = {"weights": {n_qlayers, n_qubits)} J,,ff/
Sl P

——— ——

#draw plots
weights = np.random.random{[n_glayvers, n_gubits])
¥ = np.rendom.rand(6)

print{gml.draw(self.qlayer, expansion_strategy="device"}(¥,weights))

print(f"weight_shapes = {(n_glayers, n_qubits) = {{n_glayers}, {self.n_qubits})")
_—'—'__'_——_— —_——_—__\—_

self k-timEar = gml.gnn.TorchLayver(self.glayer, self.weight_shapesl——1_

self.g_linear = gml.gnn.Torchlayer(self.glayer, self.weight_shapes)

self,v_linear = gml.gnn.Torchlayver({self.glayer, self.weight_shapes)

ine_heads = gml.gnn.Torchleyver{self.glayer, self.weight_sh
S gttt
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https://github.com/shaqiyu/Quantum_transformer/blob/main/Qtransformer.py
https://arxiv.org/pdf/2110.06510.pdf
class MultiHeadAttentionQuantum(MultiHeadAttentionBase):

Quantum transformer model
» ffifiXanadu’s PennyLane JS LG & 7 H i, SA)5iEid TensorFlowd#H 715

> LR

»  HQnodel¥ & 1 Hi% 5TensorFlowi%$#:, Jj{fTensorFlowr] fi i ¥ AN ( parameter-shift ) Zi1&
R

> BTHERNSHERE T, LRI &R,

Using quantum device default.qubit
» ZHmBEMNER T RS R T ): —H—RX(0.28)—RX( @_94}_[..— X
1: —H—RX(0.58)—RX(0.01)—"X— |-—.—
: —H—RX(0.42)—RX(0.41) X (O

: —H—RX(0.25)—RX(0.60) -K— |
: —H—RX(1.00)—RX(0.47) “A—r
: —H—RX(0©.48)—RX(0.18)

> HKerasLayer & 7 HEHE 28— M E M %28 5 B TensorFlow 2, St — AN ET-Z MBS
Transformer &5 M HIAHZE 45, LW, Wy, and Wy i a1t 5, HRiln ha et .

» https://github.com/shagiyu/Quantum_transformer
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https://pennylane.ai/qml/glossary/parameter_shift
https://github.com/shaqiyu/Quantum_transformer

Quantum transformer ——3jljizt

» The dataset we used now is the CEPC MC sample

» ete” - ZH — qqyy (signal)and ete™ — (Z/y*)yy (background)
» Simulator: Pennlylane default device.
» Time consuming: O(n), ~80 mins in CPU for 10k dataset with one epoch and one block(Q _layer).

» Current results (Use CPU): ~76% acc on validation dataset both in Quantum transformer and
classical transformer in 20k dataset (10k train, 10k val).

[ 1 R e P P P O A . R, 5 P .27 A A, P P B P P P A
. o E
> Quantum: EEENIE § "
Info in <TCanvas::Print=: pdf file ./plot/ROCs/ROC_10000_train.pdf has been created -g’—J. 0-9:
Info in <TCanvas::Print=: pdf file ./plot/ROCs/ROC_10000_val.pdf has been created _; 08:
Epoch: 88 | Epoch Time: 140m 18s € r
Train Loss: 0.510 | Train Acc: 76.24% o 073
Val. Loss: 0.500 | Val. Acc: 76.52% 2
Q L
©
. o 0.6:
» Classical: 05t
— 0.4
Epoch 10/10 F
Info in -« vas pdf file ./plot/R rain_Classical.pdf has been created 0.3F
Info in <TCanvas::Print>: pdf file ./plot al_Classical.pdf has been created F
Os 0.2 Quantum Transformer (AUC = 0.844°)
| Train Acc: 76 F Transf AUC = 0.861 |
7 | val. Acc: 77.66% 0_1;, ------- | rans:ormer:( :=0. : ) |
0 0102 03 04 05 06 0.7 08 09 1

Signal efficiency
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Quantum transformer— —SEPFRAF A

ST R 5 R Zc(3900) decay chain
o M HIBESIEHEREAT 1 Zc(3900) MIMIEE 7 #r eTe™ — Zc(3900)*xF

+ +
- TS T 26/ i T TransformerfiQuantum Ze(3900)” = Jfum
transformer Il Z: [ —eTe (uuT)

Transformer )| 245 5 Bl k45 FapplyZldata b, FEXHES 5 AR 0 A
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E —— Signal Fit
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> ] S _E
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—— Transfromer Train(AUC = 0.882) 20 1
0.15 —— Transfromer Validation(AUC = 0.982)
r - - . . - 0.0 - - . -
0 10 20 30 40 50 0.0 0.2 04 06 0.8 10 1oy
Epoch Signal efficiency :I | | | | ) |
0 .65 3.7 3.75 38 3.85 39 3.95 4 4.05

My (m Jy)
Quantum Transformer YIIZR&5 K (BT, 32ZBRTGPUIsAT I (8] fR Hll J6ikiz4T B £ Wepochs) :

Training and Validation Data 10 ROC Curves

0.50 4 —— Train Data
—— Validation Data
0.45 1 0.8
0.40 $
2
g 2064
= I
S 035 -
w 2
g g
0.4
0301 £
o
[:2]
0.251

—— Transfromer Train(AUC = 0.969)
0204 —— Transfromer Validation{AUC = 0.978)
« - . - T T 0.0 . T . : .
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Quantum transformer —

S Bt

s

W e A 5 R

> Quantum transformertransformer it 1-1% Gt cut-based 1 34 £
o ANFERATIEALAL

o ERESCEFIHENL LB TIRBIECR, B R LS 2R 45 R

Events/(10.000 MeVic’)
s B 8 8 3 3 3 8 8

classical cut Transformer Quantum Transformer

classical cut Transformer Quantum

Signal 243.1 367.6 434.4
Background 1526.9 1197.0 1644.4
Total 1770.1 1546.7 2078.8

S 232.1 350.9 414.6

b 344.0 363.6 617.8

€= \/;Tb 9.67 13.13 12.90

Here, s and b are obtained by fitting the data.
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How to work

» Download miniconda

» conda create -n env_name(Change the name as you want) root==6.24.00 python=3.8.6 -c conda-forge
» pip install -r requirment/*
Or:

source /hpcfs/cepc/higgsgpu/shagy/miniconda/etc/profile.d/conda.sh

if __name__ == '__main__":

Conda aCtiVate QT_re parser = ar‘gpar‘se.Ar‘ng.lmentParser‘{)

parser.add_argument('-D', '--g_device', default='default.gubit’, type=str) #Fix
parser.add_argument('-B', '--batch_size', default=32, type=int) #Fix for now.
> - . parser.add_argument('-E', '--n_epochs’, default=1@, type=int) #Fix for now, change after fix all hyperparameters
Python tral n " p y (Change the Optlon) parser.add_argument('-C', '--n_classes', default=2, type=int) #Fix
parser.add_argument('-1", '--1r', default=0.881, type=float) #Changeable
parser.add_argument('-v', '--vocab_size', default=5, type=int)
parser.add_argument(’-e', '--embed_dim', default=6, type=int)
parser.add_argument('-f', '--ffn_dim', default=20848, type=int) #hidden layer dimension of feedforward networks. Changeable
parser.add_argument(’'-t', '--n_transformer_blocks', default=2, type=int) #Changeable
parser.add_argument('-H', '--n_hesads', default=2, type=int)
parser.add_argument(’'-q"', '--n_qubits_transformer', default=8, type=int) #6 for Quantum
parser.add_argument('-Q', '--n_qubits_ffn', default=8, type=int) #6 for Quantum
parser.add_argument('-L", '--n_glayers', defasult=1, type=int) # For Quantum
parser.add_argument(-d', '--dropout_rate', default=@.1, type=float) #Changeable, but for few events, 8.1 is good

args = parser.parse_args()

Mum_dataset = 20000

if args.n_gubits_transformer > 8:
Type_model = "Quantum”

else:

Type_model = "Classical”

2025/1/17 Qiyu Sha qgsha@cern.ch



https://github.com/shaqiyu/Quantum_transformer/blob/main/train_test.py
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