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Overview

® Target decay modes;
p_,e+]-[0, “+]-[O

® In order to check what should be studied for e*mi®©
mode, | processed e*rti® MC (SK4) with fiTQun v4r2

® By applying the SK official event selection, | realized
the most critical point is the ring counting

® Many 4 ring events are observed
— Should understand why it happen

® As atest, | changed the ring correction criteria and
reprocessed fiTQun

® The ring counting becomes better and the signal
efficiency is almost same as APfit



Results of default fiTQun v4r2

Super-Kamiokande IV
Run 999999 Sub 0 Event 31
12-04-27:14:07:49

Inner: 3281 hits, 9440 pe

Outer: 1 hits, 0 pe

Trigger: 0x07

D_wall: 299.9 cm

Evis: 876.0 MeV

2 e-like rings: mass = 873.9 MeV/c"2
fiTQun MR #0 ID=330000111, -1nL=21315.5

Charge (pe)
o >26.7

¢ 3.3- 4.7
¢ 2.2- 3.3
¢ 1.3-2.2
¢ 0.7-1.3
¢ 0.2- 0.7
° < 0.2
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Vertex distribution

Number of Events

® No event selection is applied

10?

10

Vertex difference w/o cut

® Use the vertex of 1st ring for fiTQun

® The vertex distribution of fiTQun looks same as APfit
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Vertex distribution
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® Event selection: true FCFV & free proton

® 2nd & 3rd ring have a broad distribution
— Due to the photon conversion length in 1° decay?
There is a possibility to use this information for m° cut
Need more study .



Particle ID

- APfit
fiTQun

Number of Events

all e-like ring
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® Event selection: true FCFV & free proton
® For etnt’ events, all ring should be e-like

® FiTQun PID performance looks good



Number of Events

Ring counting

Number of Rings w/ FCFV + free proton cut

Number of Rings w/ FCFV + free proton cut
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® Event selection: true FCFV & free proton
® For e*n’ events, the number of rings should be 2 or 3
® FiTQun found too many rings

—Need to understand



Reconstructed mt°

® Event selection: SK official
® The resolution of pi0 mass is better than APfit

® APfit: 15.9% — fiTQun: 13.0%

® Momentum distribution becomes more peaky
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Momentum (MeV/c)
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Reconstructed mt°

® Event selection: SK official
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Number of Events

Reconstructed Proton

® Event selection: SK official

® The resolution of proton mass is better than APfit
® APfit: 35.4% — fiTQun: 30.8%

® Momentum distribution becomes more peaky

® Possibility to apply more tighter momentum & mass cut

Invariant Mass Invariant Momentum
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Reconstructed Proton

® Event selection: SK official
fiTQun APfit

Momentum (MeV/c)
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A free proton cluster can
be seen more clearly
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Signal Efficiency

® Efficiency (# of final events/# of FC true FV events)
® APfit: 39.33% — fiTQun: 34.98%

® Decreasing in efficiency is mainly caused by ring cut
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Background (Atm.-v)

APfit fiTQun v4r2
200 . - - -. l.;. be, - -. . 700 _E‘!l'l'i:-.'-'.-: :::z
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Conventional BOX: 28.6 events 25.5 events
Tight BOX 2 03 events BG freel— 0.00 events
(p<100MeV/c): iIn 500 years in 500 years

® Currently, PDK group starts to use a combined two BOX analysis
improving the discovery potential

® It may be helpful for fiTQun since fiTQun has the sharp peak in free

proton momentum and less BG
Conventional BOX New BOXs

Bound
— l High

Free Discovery potential13

Mass

Ptot



Mis ring counting
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Ring Correction

® Main reason of the low efficiency is the miss ring counting
® Typically, 4 e-like rings (1 ring is close to the other ring)

® Default ring correction:
{Angle between rings less than 10 deg}
and
{ (Particle type of ring A != Particle type of ring B)
or (Most energetic ring is p (11+)-like ring) }

.......

Light blue rings
~ show fiTQun
it recon e-like rings

=g There is 1 extra
e-like ring
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Ring Correction

just apply a simple correction to the free proton events

— Angle between rings less than 20 deg

Before

per-KamioKkandas
\
Run 950085 Sub 0 Event 155 f
13-04-27:14:07: 49
Inner: 32469 hice, 9173 pe
0w = 3 hite, 3 pe
Triggex: 0x07
D wall: 0 cm :
Bvis: 919.2 eV - S— -
2 e-like ringe: mase = 316 .8 Mav/end

fiTQun e 80 ID

340001111, -1lnn=21€72.3

anna
fanna

0./

0.2 ). J

7 ) S0 1000 1500 2000

Times (ns)

After (simple correction

UDE LamioKkande
Run 9998555 Sub O Event 155
+14:07:49

hite, 93373 pe

-3

12-04-2

Inner: 3263
outer: hits, 3 pe

Trigger: 0x07

D _wall: 355.0 en
Evis: 9319.2 Mev - - .
2 e-like ringe: mase = 516 .8 v/ crld

fi7Qun o #0 ID=340001111 InL=21761.9

l}..

| P
1000 1500 2000

Times (ns)
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Results of fiTQun v4r2
with modified ring correction

(p—e'n?)
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Ring Counting

® Higher population of 3-ring events (APfit: 59%, fiTQun: 76%)
— More e*1t® event like?

Before After

Number of Rings w/ FCFV + free proton cut
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Ring Counting

Still there are 4-ring events

Need to understand why it is happened and fix the problem

Super-Kamiokande

Runi 5909995 Suks 0 Event 290
12:04-27:14:07:51

Inner: 3184 hite, 10204 pe
Outer: 3 hictp, 4 pe

Trigger: Ox07

D_wall: 123.0 cn

Bvir: 930.5 Mev

v
00000

£imQun ¢ W0 ID=340003111, -1nL=21842.8

Charge(pe)

0.,7- 1.3
0.7 0.7

(1 )| SR - P
0 SO0 1000 1500 2000

Times (ns)
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Recon. Proton

All proton Proton Momentum
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® FiTQun has a more clear separation of free proton and
bound one in the momentum distribution than APfit
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Signal Efficiency

APfit w/o ntag
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Selection Criteria

® fiTQun has a similar efficiency with the conventional BOX as APfit

® Higher efficiency for free protons
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How about BG?

® Pre-selection
® 1. FC true FV cut
® 2. 8,000 < potot < 11,000
® 3. apnring > 1

® Total 2,447,952 events

— 51,703 events are selected (2% of full stat.)

Total charge w/o cut

ATMNU MC
e+pi0 MC (all proton) -

(free proton)

(binding proton) _
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Results

10001 14 1000 g _ 10001
o0/~ ! 9001 oA ___;::::: -'_" i ) I12 %00} - -
800[ 12 800/ L o 800 s
700F —{10 700 7007
600~ |, 600 8 e00F s
500 5001 . 500
400~ 15 400F 400~ 4
3007 s 300F 4 300F
200/, 200 \ 2007
100/ oo 2 100/ 1001~
T s a0 70007200 ° O 200 200 600 800 7000 1200 ° O 200 200 600 800 7000 7200 °
Conventional BOX Tight BOX
(<250MeV/c) (<100MeV/c)
APfit 25.5 (28.6) 3.04 (3.04)
fQ v4r2 23.5 (25.5) 0 (0)
fQ improved 24.6 0

Red numbers show # of bkg w/o precut (all events)

® \We selected almost all events which can be a candidate and reprocessed
with improved version of fiTQun

® It looks the number of events in the improved fiTQun is higher, but the
number of background for epiO is hot so much increased

® | think the ring correction is going to the right direction 23



Summary

Main issue is ring counting
— Need to understand and fix problems if possible

Modified ring correction works well

FiTQun signal efficiency for e*mi® becomes a similar
level compared to APfit

FITQun x two BOX analysis maybe provide us a higher
sensitivity for e*rt® with high discovery potential

| will analyze p*nt® mode soon!
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