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Reconstruction in PandaX
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Signals

Physics signals



W S1/S2 DIFFERENTIAL VARIABLES

Single electron S2
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® Normally, S1 is narrow than S2.
® For small S2, use number of spikes to identify them.




S1/52 DISCRIMINATION
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S2 width correlate with drift time and

gas gap. For small s2, the 10% width do
not work anymore.




Wswsz DISCRIMINATION

Using ~2000 I Signals \
manually tagged
events.
Binary decision 10%widt 10%widt
tree. l h>380 \ l h<380 \
Discrimination
power>99.9% ' l l
Spikes<4
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Position Reconstruction
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DRIFTTIME
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210Po ON TEFLON WALL

- - =
3 3 3 -1
a21 z |1785 - R s po7 g
L - af -z -aaf
o
. .
. . . .
- - - . Bl of = 100y BRl e of
-
[ - - 1zl e
. .
. .
L [ i sxul e
-
.
[ . amf —amaf ~azal e
o .
- - N H - -
o B o Bl o .-.n. =200 - ..‘.- ~300f
. . . t R
FETY PPPRY PP IYPPY IPPT FPTY IYTTL PP PRTTY PRTTY PP FTTY FETTY FETTLFPT1 PATTY PPPT ATPLITTL PYTY PRYTY PYTTY sl ll
we e e ma @ m w m ma @ a3 s m we 1w mm @m0 ;e B ® P —
Ll R jrmm) LY ) A jramy R )
"o an Fanek? **Fo.on Panal-8 " Faan Fanaka " Fo an Fanek 10 "*Po.on Paneii1 " Pa an Panaki2
Yl A a2 ¥Fa02 ’ #Toss
7 . : 7 E . H
L e - . N e e -zl
. .
. -
. -
- -~ . s —sanf -~ 1o e 3 .
.. .
o =150 - =150 B o B 3 -804
A . - . .
N - H
- e R -stof- ~anaf - ~ancf .
'." - . .
- ., - - I. :
L - . ol e -zl e 4 s
- - - l.
- . -
- . -
L e 8 . - e o ‘. -~ -3 - - ~amcf .
. . . .
[PPPTY PPPPY PRPPUPTRTY FYPPI | [PPPPY PYPPIPRRIL PR PP | [PPPTS PPPPS PPPRL PRPTLIIPRI | [PPPPY PYPPUPTYTY PIRR PP | PR PR PPOTY PP PPPR | Lwaluanl
= o e e @ @ m we m mo @ w3 R @ m we 1m mm @m0 ;e 5 wm m mw me @ aw » o= ow m
R premy R jrrm A pramy LY ) A ey




WCENTER OF GRAVITY
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Poor resolution!



TEMPLATE MATCHING

Generate massive Find the maximum
templates from light likelihood number
simulation

»>>>

Construct likelihood
function Interpolatlon
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TEMPLATE MATCHING
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VI PHOTON ACCEPTANCE FUNCTION

Difficulties for position construction

1 3" PMT 2 Complicated optics
particularly due to the photon

optimizing photon collection, but .
reflections on the PTFE reflector

naively causing coarse

. . PMT No = 66
quantization .

r Emmm]
Procedures for PAF ook s
1) Fit function for PAF, the :-:; -
input position is from COG oafng gini_ﬁfﬁifaﬂ
03F- | a=3.118
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WPHOTON ACCEPTANCE FUNCTION

2) Maximum likelihood to determine a new position

3) Iterations

Ewents Distrbuson bom LAF - Posiion
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Converge

V. N. Solovov et al, /EEE doi:
10.1109/TNS.2012.2221742




VPHOTON ACCEPTANCE FUNCTION
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COMPARISION OF THREE WAYS

Events Distribution of *'®Po Wall Events from CoG Position
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Choose PAF!

To be improve: fix saturation.
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Noise filters




QUALITY CUTS

Reject runs with shot
runtime, hot spot etc.

Manually remove files : o
: : Remove triggers within
with abnormal trigger :
10 ms to previous
rate, dark rate and :
triggers

efficiency




ST CONCIDENCE

s1 charge vs. fired
pmts

S2T/BRATIO

Remove abnormal
S2

NOISE REMOVAL

ST PATTERN

Charge from largest
bottom channel vs
total charge

SELECTION WINDOW

Random coincident

S1 and single

electron S2

STNOISEFILTERS

Remove ripple-like

electronic noise

OTHER

“S1" number<3 etc




077 1 COINCIDENCE CUT
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Ey ST PATTERN CUT
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Applied in phase-l to remove X-events.



Ey WAVY S1 FILTERS

Used to be the most serious noise
Two cuts are applied to remove those

: thrgéﬁold:ﬂ.s*g:llhight Wavy noise.

" rr LL T H N 1) Based on overshoot

i 17 | Less than 0.4 of the height of S1
+ Ljsi height 2) Based on difference of charge
T calculation from two methods

L L L L L L L L L L L L
8320 8330 8340 8350 8360 8370

« Charge calculated by integrating
PMT hits.

« Charge calculated by integrating
summed waveform.,



' WAVY S1 FILTERS
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S2 T/B ratio

52 T/B RATIO
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vy SELECTION WINDOW

S1: 3 fired PMTs, [3,45] PE
Limited by dark rates

S2:[100,10000] PE
Limited by floating small S2.

logm(SZKS 1) x.v.z corrected
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Boosted decision tree
for accidental




ACCIDENTAL ST
|solated S1

Spectrum
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Search “s1” before s1-only events




VACCIDENTAL S1

Collective pattern
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ACCIDENTAL S2
|solated S2

Spectrum
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ACCIDENTAL S2
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RANDOM COINCIDENT EVENTS

Randomly pairing

ar
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vy BOOSTED DECISION TREE

® Seek additional suppression of accidental neutron

background using a multivariate approach (BDT)

® Training and test samples: randomly paired

coincident events (background) and AmBe low

energy events (signal)

detenmine

® Variables:
® S1 charge, S2 charge, drift time
S2 pulse shape symmetry, S2 Top/Bottom ratio
S2 width, S2 10% width, S2 rising edge
S2 charge pattern

S1 charge pattern -

“gate charge”

k4
processing

procdssing




BOOSTED DECISION TREE

S2 pulse shape symmetry




' BOOSTED DECISION TREE

“Gate charge”
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4000 10

@7 BOOSTED DECISION TREE

i B0 ® Accidental S1 and S2 lack
intrinsic correlations
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Background surviving from BDT cuts




BDT EFFICIENCY
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quality cuts only

adding S1 range cuts

0.8 iiff N
adding S2rangecuts [ i £/ : : A A A

adding BDT cut
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Results

v




FINAL CANDIDATES
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log (S2/S1) x,y,z corrected
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THANKS!




