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T2K EXPERIMENT
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T ——Reconstructed v, event
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v, SELECTION

) Overview
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v, SELECTION
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SELECTION STEPS

PID cut

Vertex cut Veto cut
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VERTEX SELECTION
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DATA SAMPLES

NEUT

(Neutrino event generator)

FHC(T2K neutrino mode)

RHC(T2K anti neutrino mode)

Particle bomb

> 1D Dvertexh SEERFNRKET 25V Tl

> EETZHVTI

¥ NEUT FHC 5.0 X 102° POT(Proton On Target)

> e+pbomb (v,CCQE & /el AT 101) 123000 entries
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VERTEX SELECTION STATUS

> v, selection Tl

> FIITVALATHEICEERIN-EEISRIEEE UTIDDvertexZiBIRT 3
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SELECTED VERTEX RESULT

NEUT sample(v, CCDd+) > 85%MDvertexld FREICEIRIhTWS
Nue CC > 15%EEDEEIROER
Success 40(?356 ;Z/:;es ) Miss-reconstruction
Failure 67 entries ) Vertex{ZfHD1E L < B S T TULVE LY
Total 469 entries ) Miss-selection
E o coqe:469 ortris Y Vertex{Z@HMSEL GBIRTETLRL
B nue non ccqe:878 entries —_ . — —
eem e l e + p Bomb sample TEBERXR NN v I ZHFND &
200
> 2ARY bDS555-10%h oD
150 IEU<BfElkEcNnTULiEL Success 80 to 85%
100 misreconstruction 10%
) BERA7ZILIVALD misselection 5to 10%
50 S N
EDNE Total 100%
% 20 A 40 60 8 100 120 140 160 180 200 Vertex selection failure
gOmm Distancelmm]
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MISS RECONSTRUCTION EVENT
> e+p bomb sampleTvertex BhBEBEINTLWEWAARY kDZ < HtrackELDRAEHNKE LY

> electron, proton trackALH S EI I N TULWEW1RIFDtrackE UTRH I TWDS
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KINK STEPS
> Track®#&17)L Y X Ls—kink finding

> OBEISTVZLTOhtDESH SPESEEERTI7ILITVILA
¢ 859 DNEHMUTAFvTVZEEDIRL. BRI EBEBDODRZHIEERINSBZRDIEH (deviation)Z5tHE I S

® deviation>2cmOETHE I3 >2trackBOAENKEVNEDADREHELY

end

—_—

end — fmnt>
| (end —fmnf)\

direction =

front

(deviation) = | (hit — front) — (hit — front) * direction |
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VERTEX RECONSTRUCTION USING EDEPOSIT INFORMATION

> electron & protonDEDeposit(dL/dx)DiEVVD SvertexZRFE T= S AEE

) EDeposit(dE/dx)ldelectron T/ E € protonTTKZE L)

Proton Electron

Bragg peak
Tracks overlap

Electron region

Energy DepositD KE

0 Distance from truth Vertex

Ideal Energy Deposit
Truth Vertex is x=0 (For simplicity)
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EDEPOSIT FIT

> 2trackBEIDHEHLKAZWES. track@LDoverlaph P48 -
roton f(angle) lectron

Y EDepositDiE\L\ ZsigmoidBA¥ 71 v T4 VI TES

= a
Parameters - ) — iy
’ \ 2 <...paramb J(¥) =-——— 0
) a~proton&electronD T X)L ¥ —%= O T AL LIy CUYPLEETECRCERIRRCYE
>~ . .
P b-vertex@b DL{LIE > i
o param a

.o Eneray Difference
) c~Vertex position

varam d s .
) d~Offset 0 Distance from truth Vertex
FittingigdRDHEAfF SN B MHEEE LT
D 1HIFtrack, 24 Ftrack DH 7l 2 Fitted vertex DI5E
> BB Y OfBEICfitaNBZNE
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VERTEX IDENTIFICATION

Fit result

|

a-value(TXJLF¥—Z) <100 p.e.

or

|b-value(Z{£=)| < 0.025

or
|c-value(vertex position)| > 500mm(EMshower region)

Some values need to be improve

lTrue

One particle

Y Fitted by
fl) =~ 44

+ eb(x—c)

) a~Energy difference
) b~Slope around vertex

) c~fitted vertex position

> d-~Offset

ldentify c-value as a vertex
or
Find vertices in a limited range
(Use lower the threshold)
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COMPARING FIT RESULT
> Energy Deposit ZFIH U /-Vertex B R EEDERID 6. 2@ EDeventicfittingZ @A U I-

Y vertexh'BER TN TL 3event

> 1D Dtrackic F1BFDHHE £ 2 (one particle event)

Y vertexh'BER TN TL \event

> 1D DtrackiT 2K FHE X > T3 (two particles event)
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FIT RESULT

fitting A Th/\ Y —>

- 1000 ONE particle event
g F FiteshicB&Denergy differencehs /A& LY
L -
D ol —one particlelC3ETZE S
o - Co.
O - Energy difference
O 400 IY Y
g; - - .o
o 200[— eC e
c - -
u O—IIIIIllllllllllllllllllllllIlllllllllll
1000 -800 -600 -400 -200 O , 1000
Distance[mm] "
1000l _TWO particle event
8002 Fitted vertex~0O
- —fitlc K > TvertexBER I TW5S
600 — e,
B § :.: e,
400{— RN
200 i
_lllllIllllllllI|Ill;‘lllllllllllllllllll
1000 -800 -600 -400 -200 & 200 . 400, 600 800 10

00

. distance from truth vertex[mm]
Fitted vertex position

fittingZ B\ Y —>

1400

One particle event
1200

Energy Deposit

1000
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_IllIlllllllIlllllllIlllIlllIlllllllIlll

0
-1000 -800 -600 -400 -200 0 200, 400 600 800 10

00

distance from truth vertex[mm]

FitE i /f-BEA# Denergy differenceHh K= L)
—two particlelCERFTEZBMNTUEXD
Fitted vertex® OfITIC /R LND TAE
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VERTEX IDENTIFICATION RESULT
> VertexhhE#EB I N TWLWAWeventicit LT

Igsgt;:?tcilcf\: Two particles Energy depositZz |9 % £1720~25%DEITT
vertexZBIER IS ENTESD
One particle events 30.5% 66.3%
> » \Y 2 A 25 °
Two particles events 28 99, 18 69 > Levent® S EHERTETLWEWevent2#110%

Result of the two particlesl > 2-3%EEvertexBHEHED LRANRADS

Distance < 50:mm

One particle events 33.8% ) Eﬂ%ﬁ%ﬁﬁgﬁ‘j{% RNYr= Gb,fittingﬁifia: c‘_‘_d)%iﬁ L A s

Two particles events 45.2%
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SUMMARY
> T2KXRTldy, ~ v DIREZHAULTE D SERIDBEO/WHEDTHICERA Gupgradeh T S

Y Near detector upgradelc &2 =1— kY / RIGDIER
> v, selection TlX#115% Deventic B LV TvertexHiEFEIRESNT LS

> 10%EEhvertex NELU < BERINTVWARWZ EHEREEBDNS

) Energy deposit fitting

> Electron&proton DEnergy depositDiZ W\ FIH U TvertexDIERE R /-
Y Fittinglc & > Tvertex D BB EN TR T2-3%H LT ZZ ENTES

Y A= OHfitting 5 ER E DREHNDE
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SENSITIVITY-POT WITH SYSTEMATIC
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VERTEX SELECTION STEPS

) In vertex selection steps, a vertex is selected from reconstructed vertex candidates.

) Candidates are vertices object reconstructed by sfgrecon }*’

*Ca ndidates
) Steps

7,

True vertex

1. Select verticesinFV.
2. Select vertices not intersecting any connected tracks at the middle point.

3. Select vertices that is consistent with the directions of tracks whose length is > 30 cm.
4. Select vertices within 2 nsec from the earliest vertex timing.

5. Select a vertex connected to the longest track.
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DISTANCE BETWEEN TRUTH AND SELECTED

) NEUT sample(using only v/, signal)

250

200

150

100

50

B nue ccqe:469 entries
B nue non ccge:878 entries

Nue CC Nue Non CC
Success 402 entries 617 entries
Selection (85.7%) (70.3%)
Failure 67 entries 217 entries
469 entries 834 entries
— nue signals

) ¢ + p bomb sample

et+tp
SUCCESsS 101263 entries
(83.6%)
Failure 19862 entries
Total 121125 entries
nue signals
B e p bomb:121125 entries
25000 B -0 entries

20000

15000

10000

1|111|||1||l||l|_LLlll|lll
!g g B- Et nee quq Hq:l 00 20 40 60 80 100 120 140 160 180 200 p—

Distance[mm] 37



MIS RECONSTRUCTION EVENTS

) At first | checked failure event(look event display of reconstructed objects)

1000
Event Display: so0f Truth vertex(Blue star)
Reconstructed objects | : /
600
. . [ B “""'"'-%\\\ oooooooo
Line(point):Track 400/ \-.\\
Different colors - .\‘k&
->different tracks | : "~
0 0
Stars:vertex 200
*Truth Vertex —aool
reconstructed vertices | | - ¥
0F two adjacent tracks are
~800F wrongly reconstructed as a single track.
: | I I ! | I I ! l I I I I E I I ‘
B O98000 —2500 —2000 —1500 -1000
Z
e

00000
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SUPERFGD RECONSTRUCTION(SFGRECON) STEPS

= R I:SI SILECDII
PS>
a e 1 S I IRXIXIXIKIEID
e o000
R IR LR HLRHAXK

B .1 1 3D H . ) BRI
X5
K
Lo 1ts | Object )

Grow Simple

Clusters

Time Slice “Cluster” (Build “trunks”)

(time and xyz)

Build

Tracks
(with fits)

Spanning
Build Hits Tree

(order hits along
branchs

Iﬁteripr
\(e_rtices‘_

" -~

. Find Kinks
Sharing (split bendy
branches)

Sfgrecon algorithm flow

) In sfgrecon, mainly vertex mis-

Event Analysis
and reconstruction occurred at kink
HighLAND steps.
Roses )
Step Mis-reconstruction
Find Kinks 11730 entries 94.8%
Build Tracks 403 entries 3.25%
Another factor 234 entries
Total 12367 entries

Failed cases of mis-reconstructed events
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GROW TRACKS

) After fitting tracks, combining pairs of tracks has good match.
) Goodness match
) distance of the end points of two tracks <15.0 mm
) direction change of the end points <15.0°
) Maybe insensitive to large angle tracks same as kink steps.

) | want to devise a large angle too.

> )(2 of the linear fit between the end states < 16.0
) As long as the straight edges match, it will be misidentified.

) Insensitive to curving tracks at edges of tracks.
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TRUE VERTEX RECONSTRUCTED EVENTS

0 100 200 300 400 500 600 /700 800 900 1000
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EDeposit Fit result
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MISS RECONSTRUCTED EVENTS
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(@SUCCESS FIT - FIT RESULT IN MISS RECONSTRUCTED(EVENTA4)
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SUCCESS FIT - FIT RESULT IN MISS RECONSTRUCTED(EVENT228)
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FAILURE PATTERN - FIT RESULT IN MISS RECONSTRUCTED (EVENT523)
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