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time = Nenergy " angle 'Rtopology
Nge(E > Ep) and N, are obtained through fitting the timing spectrum

From PIiENu



Motivation

e R __ Npe(E>Etp)-(1+Cerqip) _ pE € €

e/u — Nrpe time = Nenergy " angle 'Rtopology

€ € € . .
time * Renergy * Rangle * Rtopology @re acceptance ratios of signal events

~1+/- O(104)
* Defines fiducial phase space using (x;;, Yz, Z;) and (cos 6, , ¢,) (DocDB-

210-v2)
* Beam momentum spread
* Difference in detector response /
(E,,cosf,,d,)
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https://pioneer.npl.washington.edu/cgi-bin/private/ShowDocument?docid=210
https://pioneer.npl.washington.edu/cgi-bin/private/ShowDocument?docid=210

Acceptance definition

* Pion stop position (X, Vir , Z7)
* Last layer of pion hits (by timing

coincidence)

* Positron solid angle (cos8,, ¢,)

* Defined by standalone ATAR
* First five hits of positron track

Kinetic Energy [MeV]

. * Low travel distance
ocuson * small chance of e-Si scattering
this talk

* Smaller energy deposition (Rgpergy)

* Require high granularity and spatial

resolution

* Defined by ATAR & Tracker/CALO

(PiENU)
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Loose requirement on production point

of e*?

» Suffers larger chance of Bhabha
* Photons from annihilation

* Missing, partially detected, detected by
tracker/CALO
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Energy Spectrum In a 25 X, Calorimeter
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Selections on timing

* In principle, signals S
Nne defined by t(DAR) — e :
defined by m(DAR) - ~
5AR) — e o

* Sizable timing between pion,
muon, positron

* T;26.033 ns

WA S - |

e Sizable travel distance for

I"l D AR {ml\':o B AMIP ‘.‘lio N f;:‘\ k\ _ “'\ ‘.i'\v:\
* Very likely to detect uDAR? 3» @ % f
* Define signals using timing — R |
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Selections on timing

tlme IS deflned by prompt (t,) and
delayed (t'=t, —tg, t =t, — tg)
signals
» Selectt(DAR) — e
* by{t, >t ;t> Atl

* subjectto [dte /1,
e Select m(DAR) —» u(DAR) — e
* by{t, >t, >ty t' > Aty t —t' > At}

* subjectto ,
t—t t!

fdef,, At”dt e T jrue /T,
* At, At;,Aty, rely on timing resolution and
pion llfetlme
* Single channel, g;~1ns/20ns (LGAD/PiN)
* Inter-channel, o~ 50ps/1ns (LGAD/PiN)
* T;~26ns

time time ° T

Timing pulses at different positions

b LA,

t
;*
T JA . [ /\ ‘ dE/dx vs. position

time time *

dE/dx

|

Timing pulses at different positions
-

A quick look at At = At, = At, =5ns
* Assume precision of pion lifetime is O(10-4).

* Relative difference in acceptance caused by
extrapolation is of order O(109)
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Selections on energy

* AMIP in silicon deposit ~3.87MeV/cm

* 5hits~1000um < 0.5 MeV - difference of
0(1079)

* Chance for Bhabha scattering within
1000 um (DocDB 172-v3, X. Qian)

* 69.3MeV: 4.4x10°
* Michel spectrum: 2.4x10%

e Annihilation

* 11.0+2.5 mb per electron in a beryllium
absorber for 50MeV incident positron

(doi.org/10.1103/PhysRev.89.790)

e Assume 14 free electrons in silicon
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Kinetic Energy [MeV]
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Selection on topology

* ATAR geometry

* 1-vs. 2-side strips

* Pixel € (X, Y, z)
* 1-side readout: 2 layers for 1 pixel
» 2-side readout: 1 layer for 1 pixel

* Hit <& pixel + timing + energy
deposition, (x, VY, z, t, dE)

e Clustered hits € hits
* Track € clustered hits

e dE/dx € track + energy
deposition
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ATAR readout

ATAR layer gap

ATAR layer thickness
ATAR strip pitch size

o, for overlapping signal
o, for inter-channels

Energy resolution

Used in simulation

Single/Double sided
25um/4um

120um

200um

0/1ns/20ns (ideal/LGAD/PIN)
0/50ps/1ns (ideal/LGAD/PIN)

0/10% /0.1MIP
(ideal/LGAD/PIN)



Reconstruction and selections in simulation

e Reconstruction of hits

* Pixelis determined by geometry and true energy
I(\JI/Ier\)/osmon 1/3*120 um * 3.875 MeV/cm = 0.0155
e

« Merge two hits at the same pixel if |t; — t,| < 1ns

* Hit clustering in timing and space

* Cluster pixels by timing if [t; — t,| < 1ns (alternative
way to study o; for inter-channels = 1ns)
* Collections of hits {th;th < t5F1Y, {eh; ¢f < ¢,
{tl;tl < tit)
« Identify the timing of each particle by t, t0, tJ

1T ‘[,L’

* Cluster pixels by position by requiring adjacent pixels
within <3/2007% + 2002 + 120% X3 um

* Event selection
. |tn — tﬂ| > 5ns and |tu — te| > 5ns for mue
e |t, —t,| > 5ns formev
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Pion decay vertexform — u — e

* Selectlastlayerinz
* Pion beam is approximately perpendicular to ATAR and travels forward (positive-z)
* Not cover Q. Buat’s studies for precise determination of pion vertex, (DocDB-242)

Pion decay point Pion decay point
. 0.3 hdecay_xz_byz . 03 hdecay_yz_byz
N F Entries 3908 N F Entries 3908
L I Meanx  0.001311 ' — Meanx -0.001282
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On requiring 5 hits
* Edgesof 1 —» u — e span~2mm

* Choose 2mm as binning size
* Consistency within 0.2%, sample size O(400k)

pimue Eff. =5 e+ hits / all

pienu Eff. =5 e+ hits / all

-8.0 mm to -6.0mm

I
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The algorithm for positron direction

* Known pion decay point
* Find nearest 5 hits to

» Fit a preliminary direction 7 @

* Rank positron hits by ci( ,e) 1 ' T e

* Find the extremes in ranked hits {e.; ¢, €ona | e (Muon not shown)
* Find the nearest point (x,, y., z,) to

* Find nearest 5 hits to (x,, V., z.)
* Fit the direction 71,

* Flip the direction if necessary
* Positive sign for d(estqrt) €ond) * e
 Validate (x,, V., Z.)
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Validation of positron starting point

* Pion decay in the center 2 |x|<8mm && |y|<8mm
e Studied T — e (sample size O(300k))

e_x-e_rec_x:e_y-e_rec_y {pi_rec_x<8 && pi_rec_y<8&&pi_rec_x>8&&pi_rec_y>8}
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Require pion in the center
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Study the positron outgomg direction

e Select events with

* pion decay in the center of
ATAR, |x| < 8mm, |y| < 8mm

* 5 hits of positrons are found

* True momenta of positrons

* Plot normalized to number of
events

* Uniform distribution implies
1/(5*5) ~ 0.04

pienu truth
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0.0406

0.0404

0.0402

cos(theta)

0.0400

0.0398

0.0396

0.0394

' -1.0 -0.6 -0.2 0.2 0.6 1.0
phi [pirad.]

cos(theta)

pienu/pimue truth

1.02
0.6
1.01
0.2
1.00
-0.2
0.99
-0.6
0.98
-1.05%9
-1.0 . -0.2 0.2
phi [pi rad.]
pimue truth

0.0406

0.0404

0.0402

cos(theta)

0.0400

0.0398

0.0396

0.0394

-1.0
-1.0 -0.6 -0.2 0.2 0.6

phi [pirad.]
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Study the positron outgoing direction

* Project to 1D and show uncertainty — uniform distribution in truth

pienu truth pimue truth

—— phi/ pi-1.00 to -0.60
0.042 - ~—}+— phi/pi-0.60 to -0.20 | 0.042 -
—— phi/ pi-0.20 to 0.20
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0.041 - |

| e 0.041 -
[ [ —}— phi/ pi 0.60 to 1.00
J
0.040 A 0.040 A | ;
— — I
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0.038 A 0.038 -
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11 Uncertainty = /N;/ Y, N; 00371 T et
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T T T T T T T T T T T T T T
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—}— cosTheta -0.20 to 0.20
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—}— cosTheta 0.60 to 1.00
0.040 1 0.040 }
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—}— cosTheta -1.00 to -0.60
0.037 - —}— cosTheta -0.60 to -0.20 0.037
—— cosTheta -0.20 to 0.20
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—}— cosTheta 0.60 to 1.00 0.036 +
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Study the positron outgoing direction

* Reduce (cos 8, @) to (cos 0) - difference at O(0.5%) for true
positron momenta

truth pienu/pimue truth
1.020
0.210 A —— pienu
—— pimue
: 1.015 -
0.205 -
1.010 -
0.200 - ln l | | [
‘ — 1.005 -
e 1.000 - -
0.190 - 0.995 -
0385 - 0.990
0.985
0.180 A
-1.00 -0.75 —-0.50 —-0.25 0.00 025 050 075 100 0.980 , . , , , , ,
costheta -1.00 -0.75 -0.50 -0.25 0.00 025 0.50 0.75 1.00

costheta

Uncertainty=\/ﬁi/ZNi JNIN, o JN2Nq

Uncertainty = TR, Y
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Study the positron outgoing direction

* Projectto 1D and
show uncertainty —
reco

* Non-uniform
distribution in both
decay channels

* Expected as
direction from
discrete pixels

 Similar behavior

Uncertainty = /N;/ ¥ N;

6/19/24
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Study the positron outgoing direction
* Reduce (cos 8, @) to (cos 0) -- difference at O(0.5%) for

reconstructed positron direction

reco

0.24 A

0.23 A

0.22 A

0.21 A

0.20 A

0.19 -

0.18 A

0.17 A

—}— pienu
—— pimue

-1.00 -0.75 -0.50 -0.25 0.00

Uncertainty = /N;/ ¥ N;
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1.00
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Summary and discussions

* Consistent acceptance between mev and
nue given uncertainty at 0(0.5%)

* Timing and topology cuts imposed
* Uniformity of angle distribution breaks in

RECO but still give a relatively equal behavior
between mev and mue
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Backup

6/19/24
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Studies of in-out definition

* Pure pion beam at 1200 mm upstream

*  Pion beam momentum _ .

* Gaussian-shaped with waist sigma ~ 10mm

* Truth level
* Pion DAR (K.E. < 1keV, to be tuned)

e RECO level

* ATAR-only Geometry
* Double-sided shared readout with little gap (=4um)
* Thickness =120 um
e Strip pitch size =200 um
* Reconstruction
* Hits are combinations of two strips and layer, abstracted by pixel location + timing

. Wrmined by geometry and _1 /3*120um * 3.875 MeV/cm =

* Mean ionization energy for pure silicon |, = 3.62 eV, 4k electrons for 0.0155MeV
* Merge two hits at the same pixelif |t; — t,| < 1ns (to be tuned)
* Cluster pixels by timing if |t; — t,]| < 1ns >

* Cluster pixels by position by requiring adjacent pixels within two units, sqrt(0.2*0.2*2 + A4
0.12*0.12)*3 um
* Selections (event-level) /\

time

e |tg — to| > 5ns (to be tuned)
. |tn - tﬂ| > 5ns and |tu - te| > 5ns

* Subject to the exponential distribution as discussed previously time ™ time= °

Timing pulses at different positions
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Strategy

* Divide G4Step into smaller pieces

* Each piece is assignhed to a pixel in grid
defined by double-sided strips

 Each pieceis a “rec hit”

* Rec hit position is defined as the center
of pixel

* Rec hits in the same cell merged
togetheras longas At<1ns

6/19/24 PIONEER Collaboration Meeting
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Separation between py and p—2e — continued

. In{1]:= t1l = 2197.03
* A quick look at (tu — o 2197 03
tuee)>5ns ob2l= Beg (U:Goe"'“z/tzdx]/ [J:eoJ:e:e_“_,)/u/tl e""’tz/t2dydx]]
* Assume precision of pion o o T80/ 12
lifetime is O(10-4). B e XL
i Relative difference in (1- e T09/t2) 1597.59 y 2197.83 ¢ (09 tz2 ‘ 760. ¢ 199- /12 | 0-9972727 2192;3;3813 =) |
acceptance caused by — — — |

!‘0 997727 N 1597.59 ' e 760.,/t2 | 0 99772_’ 2197.683 \ '
Vv 2197.63+1. t2 (U 2197.83+1. t2 4 J

extrapolation is of order
0(1 0'6) 3= t2 = 26.033

out[3)= 26.033

Inf4]= N[%2] *»t2+0.0001
Out/4)= 0.0000128696

In[s):= N [ U:Goe'-"“/tz dx]/ U:GOJ:G:e' =7t fe1 e [t2dy dx)]

out[s]= 3.81899

In[7):= %4 / %5

outl7)= 3.36991x10 ©
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Events /(1)

Bias from binned chi2 fit

* Observe differences between unbinned maximum likelihood fit

and binned chi2 fit

A RooPlot of "time [ns]"

Il

Mean = 25.62 + 0.36

TPUt - 26,033
1, = 25.703 +/- 0.359

exp( )

Mean =%for N

i d

llIlIlIlllIlI

o

20 40 60

160

180

Histogram of binned_histogram__t

Events/ (1)

|

Theyman _ 24.615 +

binned_histogram__t

Entries 5000
Mean 25.62

StdDey. 25.2
=0.370

—— Neyman "2

*
[llllllllll

lAlLl+|A|

[

200

o

time [ns]
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Compare with expectation

t
 Left: Red curve: function: Ne /71, parameters are plugged in, no fit
t _t=t' ¢
* Right: Red curve: N(e = + fst dt'e Tre Tn/(rurﬂ)) parameters are
plugged in, no fit

timing of delayed signal timing of delayed signal
N hdelayed _ hdelayed
@ 160(= Entries 4046 2 160 Entries 7965
hatt 1 Mean 30.82 At ! Mean 147.5
& 1400t Std Dev 25.56 & | Std Dev 245
() [+
> >
w120 w
100
80
60|
40f-
20 -
0 —I L1 Aol | Lal Ll I L I 1 l |- I Ll I | O C Tt ey it bl '. e i (et U S S (T e iAo P
0 100 200 300 400 (53 700 800 900 1%00 0 100 200 300 400 éS 700 800 900 1%00
T|m|ng of delayed S|gnalt oloyod “ Lrompt [NS T|m|ng of delayed S|gnalt — Urompt [NS
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Pion decay vertexform — e

* Selectlastlayerinz

* Pion beam is approximately perpendicular to ATAR and travels forward (positive-z)
* Not cover Q. Buat’s studies for precise determination of pion vertex, (DocDB-242)

Pion decay point

Pion decay point

. 03 hdecay_xz_byz . 03 hdecay_yz_byz
N = Entries 3961 N — Entries 3961
P " Mean x -0.001173 . : Meanx —0.0004152
] - Meany -0.001211 NE = Meany -0.001217
N0 StdDevx 0.05861 0.2— StdDevx  0.05829
- Std Devy 0.03467 — Std Dev y 0.0347
— 16 — 12
0.1— 0.1—
N — 10
- 12 A
0— |
N 10 N 8
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Zyuh ™ Zeec

Pion decay vertex by largest dE

* dE/dx is increasing as momentum falls. Pion stops at Bragg Peak

0.3

0.2

0.1
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Pion decay point

hdecay xz_bye

Entries
Mean x
Mean y

Std Devx 0.06173
Std Devy 0.04241

|

N

'u.._lll||IIII|IIII|IIII|IIII||I[J

|
o
a

| N T T I |
0.4 0.5

sruth ~ Xrec

X

o

* dE/dx * dx for small dx may not be largest at decay vertex

0.3

Zyuin ™ Zrec

0.2

0.1
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Pion decay point

hdecay_yz_bye

Entries 3961
Meanx 0.00164
Meany 0.05208
Std Dev x 0.06064
Std Devy 0.04219

10

8

6

llllllllllllllllllllllllllll o
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Pion decay position distribution

Energy Spectrum In a 25 X, Calorimeter

* Arequirements of 5-hits for positrons | cur e
. 10 Michel 1 > p > echain Y veeo 1w 5 el Specnm
Introduce an energy threshold for Signal” n e
. o I |
positrons A
5l [
10~ .g.
!
4
1071 n an AN im 100
Positron measured energy [MeV]
Pion decay point in REC level Pion decay point in REC level
o) - Q
if 90 - .fi
” g0l
70FF
60
50 o "y
L Fag
- - = '.:_I;:
S0 = -'h-:::-!':_
20 r - _-'.I:_':'
- E w5
10 g - ___:l o i
0 T 11 ITT; |lI -I-I.I T-|:| .--l‘! |'-1.|-| -|-|-T l-.IT lr= 0710 0% I-l-ll 1 T |.| It 0
0 10 20 30 40 50 60 70 80 Xgmpm > oo ID
Counts by requiring 5 hitsform — e Counts by requiring 5 hitsform - u —» e
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Event display of hit and track

* Fitting positron direction using ¢ Put a (tunable) energy
first 5 hits threshold on “hits”
Xz * Energy depositions of merged
threshold
--------- * Atentative cutsis 1/3*120um *
3.875 MeV/cm =0.0155 MeV

Z{mm)

—
“)..e.‘nuh ",

10 5qs 10 i

* Anillustrationof 1 - u — e events. 5 3 Zvs X of hits based on geometry
* Red line shows fitted direction and NE

3 —; g;;DDD oooo o ooooo o oooooo “‘
extrapolates to very far side. 2 3 o

g 0.3
1 3 = * m-u-eevent
0 _§ gé Missed hits because of low dE N Same event as the
= left
_1 o
3 4 5 6 7 8 El 10 11 2 .
X XandZarein mm
N 6 — o ° Color represents dE

5 3 Z vs X of hits based on geometry
a4 3 and energy loss
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0 —5
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cos(8,)

Validation of the fitting algorithm

* Require pion decay in the center, [X|<8mMm && |y[|<8mm
e Studied T — e (sample size O(3k))
* Better determination of the positron outgoing direction

Residuals of " direction in solid angles
True P.. direction e* outgoing directions in reco h_e_rec_angle T 2F
€ _e_truemom_angle Entries 3242 g = i
Entries 3242 pr Meanx 0.01475 < - h_e_angle_diff
Meanx  0.01434 % C Meany -0.0196 8 15— Entries 3242
Meany -0.01215 8 08 Std Devx 0.5317 ? = Mean x 0.005401 102
Std De 0.5751 C Std Devy 0.5331 - =
SdDevy 05745 0.6 o 1 |Meany -0.0003366
- G - Std Dev x 0.1185
0.45— 8 0‘55_ StdDevy  0.0808 - -
0.2 =
= — 4
oF o= ]
: ll I _EE #—_ﬂ Ly i
-0.2 F, - o -
-0.21 C
0. - -0.5— -
-0.4— =
-0.6 = - =
0.6 -1=
-0.8 = - = =
-0.8 - 1
08 1 £ B -1.5
¢ (nrad.) -1 0.8 1 -
¢e(nrad') _2_111111ll]llllllllllllllllllllllllllllll
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
0 -6 (nrad)
rec mom

* Pick events with delta phi ~pi to check if their theta ~ 0 or pi
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Impact from polar angle

* Require pion decay in the center, [X|<8mm && |y[|<8mm
e StudiedmT — e

* Require at least one pixel to be 200um (one-strip) away in x- or y-direction from the
pixel where positron starts

* Separate samples according to polar angle is necessary
* Reduce (cos 6., ¢.) to (cos 8,) maybe useful for straightly forward/backward positrons

5 2 —{350
at = h_e_angle_diff_p
2 15— Entries 2456
- - Mean x 0.002288 —300
= - Meany -0.000112
< 1 Std Devx 0.04669 e
2 — StdDevy 0.08236
° 05/ - =
— 200
0
- 150
-0.5—
X :_ - 100
— =
- =
-1.5 50
_2 :l 1 1 l 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 l 11 1 1 11 1 l 11 1 l 11 1 l 11 1 0

-1 -08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8 1
<1w'ec - ¢m°m (m rad)
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Study the positron outgomg direction
* Select events with

* pion decay in the center of
ATAR, |x| < 8mm, |y| < 8mm

* 5 hits of positrons are required

* RECO information employed
* Plot normalized to number of

pienu/pimue reco

=
=}

1.04

o
o

1.03

1.02

o
[N]

1.01

cos(theta)

|
°
IN]

events 1.00
* Uniform distribution implies 06
1/(5*5) ~ 0.04
_1.0—0 -0.6 -0.2 0.2 0.6
phi [pi rad.]
pienu reco pimue reco

1.0

0.050 0.050

0.045

0.045

0.040 0.040

cos(theta)
os(theta)

0.035 S 92 0.035

0.030 0.030

—0.6

0.025 0.025
-1.0
-1.0 —0.6 -0.2 0.2 0.6 1.0 -1.0 -0.6 -0.2 0.2 0.6

phi [pirad.] phi [pi rad.]
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Study the positron outgoing direction

* Ratio between mev and tue — no difference found in truth

pienu / pimue truth

pienu / pimue truth

1.075 A

1.050 -

1.025 A

1.000 -

0.975 A

0.950 +

0.925 A

0.900 ~

1.050 A

1.025 A

1.000 A

—}— phi/ pi-1.00 to -0.60
—+— phi / pi -0.60 to -0.20
—+— phi/pi-0.20 to 0.20
—}— phi/ pi 0.20 to 0.60
—}— phi/ pi 0.60 to 1.00

0.975 A

0.950 A

0.925 ~

0.900 A

cosTheta -1.00 to -0.60
cosTheta -0.60 to -0.20
cosTheta -0.20 to 0.20
cosTheta 0.20 to 0.60
cosTheta 0.60 to 1.00

FHi4t

-1.00 -0.75 -0.50 -0.25 0.00 0.25
cosTheta

Uncertainty = /N;/ ¥ N;
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0.50 0.75 1.00

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75
phi [pi rad.]
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Study the positron outgoing direction

* Ratio between mev and rue — no bias found in RECO

pienu / pimue reco

pienu / pimue reco

—— phi/ pi-1.00 to -0.60 1050
1.075 4 —}— phi/pi-0.60 to -0.20 ’
—}— phi/ pi-0.20 to 0.20
1.050 { —— phi/ pi 0.20 to 0.60 1.025 1
—— phi / pi 0.60 to 1.00
1.025 1 1.000 4
1.000 -
0.975
0.975 A I
0.950 A
0.950 -
0.925 - —}— cosTheta -1.00 to -0.60
0.925 A —}— cosTheta -0.60 to -0.20
—+— cosTheta -0.20 to 0.20
0.900 - 0.900 ~ —}— cosTheta 0.20 to 0.60
—}— cosTheta 0.60 to 1.00
-1.00 —0j75 —OI.SO —0j25 0.60 0.I25 0.'50 0.'75 1.00 -1.00 —0175 —OI.50 —0125 0.60 O.'25 O.:‘SO 0.175 1.00
cosTheta phi [pi rad.]

Uncertainty = /N;/ ¥ N;
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Estimates uncertainties

* Binominal proportion confidence interval
* | choose the larger error among two upper and lower error bars

* Considering Poisson + multinomial uncertainties
* Independent between bins
: _N
» Normalized counts ="*/(y .,

ON
* 0= 1/(N1+N2)

N,&6N
ro=" 1/(N1+N2)2

N>, &N N.6N
*o="" 1/(1\’1"'1\’2)269 ' 2/(N1+N2)2
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Probability from 0.036 to 0.044

* Close to binomial interval by a few percents

Prob. from 0.036 to 0.044 Prob. from 0.036 to 0.044 Prob. from 0.036 to 0.044

300 - 300 -
250 A 250
200 200 A
150 1 150 -
100 100 -
50 - 50 -
0- 0-

1.010 1.011 1.012 1.013 1.014 1.015 0.9705 0.9710 0.9715 0.9720 0.9725 0.9730 0.9735 0.9919 0.9920 0.9921 0.9922 0.9923 0.9924 0.9925 0.9926

sqrt(N)/N / Binomial Err(N_1/N)/Binomial Err(N_1/N, N_2/N)/Binomial
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Probability from 0.18 to 0.22

* 10% deviation for the first two estimates

rom 0.180 to 0.220 Prob. from 0.180 to 0.220 Prob. from 0.180 to 0.220

1600 A 1600 + 1750

4 1400 A
1400 1500 4

1200 - 1200 1
1250 1

1000 - 1000 -
1000 +

800 - 800
750 A

600 A 600 -
400 T 400 - 500 A
200 A 200 A 250 |
0- 0- 0-

1.100 1.105 1.110 1.115 1.120 1.125 1.130 0.880 0.885 0.890 0.895 0.900 0.996600.996650.996700.996750.996800.996850.996900.996950.99700
sqrt(N)/N / Binomial Err(N_1/N)/Binomial Err(N_1/N, N_2/N)/Binomial
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Resolve ambiguity of strips

* |dea from wire-cell at LArTPC

u2 v3

v2 (u‘l \
@ @ Fake Hits - vi

u1

-

True Hlts 4
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Liquid Argon TPC
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