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PandaX	Experiment

PandaX�Particle	andAstrophysical	Xenon	Experiments
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PandaX-I: 120 kg 
DM experiment
2009-2014

PandaX-II: 580 kg 
DM experiment 
2014-2019 PandaX-4T:   multi-ton 

DM experiment
2019-

PandaX-III:   200kg-1ton
Gaseous Xenon detector
(future)
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Outline

1. Data	load

2. Journey	of	the	data	

1. Storage	and	Transportation	in	PandaX-II	and	future

2. Processing	chain in PandaX-II and preparation for

PandaX-4T

3. Software accessories
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1. Data	load

• PandaX-II (800 TB raw data)

• 1.2 MB/s,	~	2.2Hz (dark matter run)

• 42 MB/s, ~ 100Hz (random trigger 220Rn calibration)

• PandaX-4T
• Estimation: 300 MB/s (100 Hz in calibration)

• DAQ	design	limitation:	800 MB/s

• PandaX future	experiments (30T, 100T)

• ~GB/s	
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Detector

DAQ	Server on-site:
a. Compressed	 raw	binary

b. Waveform monitored

b. Delete	after	migration	

Node01 Server (64core)
on-site:

a. Process	data for real

time monitoring

b. Delete	old	files	on	

time

2. Journey	of	the	data	in	PandaX-II	and	future

Blaster	Server
(>700core) SJTU:

a. Process	data	for	

analysis

b. Xichang future,

(optic fiber)

Optical
fiber

DiskDisk

1st copy

TapeTape

2nd copy

Transportation

Blaster	Server
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Raw data
Calibrated

data
Hit data

Clustered

data

Signal

data

Data processing	chain in PandaX-II

Esum dataInput

• Compressed

with lzo (50%)

• 0.5 GB/file

(compressed)

Output 1

• Summed waveform

for top, bottom,

veto arrays

• 45 MB

Output 2

• Hit information of

each PMT: width,

height, charge…

• 40 MB

Output 3

• Signal with S1,	S2	

and	vertexes

• 8 MB

Average time:

• Whole 15 min with one core 2.6 GHz

• Real	time	monitoring	purpose,	6	min	

with	multi-processor
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C++98,	ROOT5



Raw data
Calibrated

data
Hit data

Clustered

data

Signal

data

Input

• Every channel is self-triggered

Output

• Flexible Signal data

• If waveforms are inherited,

25% remains (1 GB -> 250 MB)

Average time: 1 min (compared to 15 min), testedwith PandaX-II data

• Redundancy cut off

• Packaging
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Data processing	chain prepared	for	PandaX-4T

Data

builder

72.2 Data Process chain prepared for PandaX-4T

Group	S1	

and	S2

C++14,	ROOT6



3. Software	accessories

• Improvement in persistent layer

• Online	real-time monitor

• GitLab software	management

• Machine	learning/deep	learning	applications
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Improvement in persistent layer

l Bamboo-shoot3

(PandaX-4T)

• No dependency	on	ROOT

• Object	serialization	library

• File	I/O	library

• Other utilities

• Data format

• Bamboo-shoot data (bsd)

• ZSTD compressed file (support

lzo and no compression)

l Bamboo-shoot2

(PandaX-I, PandaX-II)

l Based	on	ROOT	TTree, ROOT	

serves	as	the	persistency	layer

l Mapping	Customized	TObject

to	the	Branch

l Problem

l Compatibility (root	5.34/20)

https://github.com/revive/bamboo-shoot3
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Online	real-time monitor
• Waveform display (DAQ server)

• Pipe	stream,	not	stored	but	plotted	when	the	webpage	is visited	

• Data	quality	page (64core server, 6 min right after getting the data)

• Not deleted in the database

• Detector and photomultiplier condition for each run and file
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GitLab – software management
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Machine learning /deep learning applications
• Accidental background
rejection in dark matter

experiment

• A multivariate	approach	

(Boost decision tree)

• Signal identifying in
neutrinoless doublebeta

decay (NLDBD)

experiment

• Conventional neuron

network

• Qiao Hao et. al., Signal-
background 
discrimination in
PandaX-III
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Isolated	S1	before	an	S1 Isolated	S2					

Pair

NLDBD signal

PandaX-III MC Simulation analysis

214Bi decay gamma
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Challenges for discussion
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Black box for PandaX!
Every channel is self-triggered after

passing the threshold.

No event number is recorded at the first place.

13Challenges

Discussion 1: self-trigger

Discussion 2: decompression
• Trade-off between compressing

ratio and speed

• ZSTD is used in Bamboo-shoot3,

mainly selected for compressing

ratio, 1GB<->0.5GB

21.84 19.7721.94 20.0823.28 19.7524.44 27.36

0

50

compressed	raw	to	bs3 hit	finding

Real	Time	 (s)

Run	11355	file	0000 Run	11355	file	0001

Run	13531	file	0302 Run16999	file	0064

Group	S1	

and	S2

Discussion 3: algorithms

• Position	reconstruction:	bad PMTs (horizontal), low drifting electric field (vertical)

• A	better	energy	resolution.



Thank you!
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Backup
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New	data reconstructionwith Bamboo-shoot3
Test	with	PandaX-II	data

Raw data
Calibrated

data

Decompress
PMT gain in the

database, doneby

LED calibrationdaily
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• Input 1GB per file

• PandaX-II

• 1.2 MB/s,	~	2.2Hz (dark matter run)

• 42 MB/s, ~ 100Hz (random trigger 220Rn calibration)

• PandaX-4T

• Estimation: 300 MB/s (100 Hz in 4T sensitive volume)
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• Hit findingwith a threshold (0.25PE in PandaX-II)

• Hit tagging (noise, saturated, normal)

• Hit properties	(area,	peak,	width,	etc.)
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Calibrated

data
Hit data

Hit	finding	schematic

Noise

PMT	saturation

ADC	saturation
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Hit data
Clustered

data

• Criterion:	hits	overlap	in	time	will	form	a	signal

• Special	treatment:	Small	S2	(time	seperation of	hits	less	than	500ns)

A	top	array	summed	waveform	

for	single	electron	S2Typical	clustering	example
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Clustered

data

Signal

data

• S1	and	S2	discrimination

• Horizontal	position	reconstruction

Signals

FWTM>=380

Npeaks>=4 S2

Npeaks<4 S1

FWTM<380 S1
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Horizontal	position	reconstruction
• Center	of	gravity	(calculated	for	S1	or	S2,	top	or	bottom	

separately)

• Photon	acception function	(PAF)	+	statistic	inference	
(maximum	likelihood)
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