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This week

. Made MC of 2.2 MeV gamma-ray with D.R. for n-tagging

study
o Added new trigger algorithm to WCSimWCTrigger.cc



New trigger for WCSim

. | showed left plot at last meeting:

o dark rate (D.R.) was not consistent with 4.2 kHz
o strange step of D.R.

. — Reason: wrong trigger

o Default NDigits of WCSim:
triggers when # of hits in 200ns window > threshold

o Stat. fluctuation of D.R. » o : 45
firad the tr Expand timing window
Iréd tne trigger _ From slide of 8 Nov. 2019 mPMT
. Changed mac file

. Added new tri gger I 0]0) IC /DAQ/TriggerNDigits/Pre(Post)TriggerWindow: -400(950) — -1400(1950)

/IDAQ/TriggerSaveFailures/Pre(Post)TriggerWindow: -400(950) —
for produce MC for 00BED)
— PreTriggerWindow does not affected

. because the D.R. started at 550 ns for both configuration.
n-tagglng StUdy . — And also D.R. became small.

Below histograms have 10 events of 2.2 MeV gamma-ray

o Fixed trigger time
o Only one trigger in the event . tmeprotie e TimeProfie
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MC production for n-tagging study

. 2.2 MeV gamma-ray: 10,000 events
o WCSIim
o Uniformly random vertex position and direction
o D.R.:gamma-ray®+1E6 ns (~5x capture time)

. Peak of right plot came from vertex position (because

trigger time is fixed) soo o e
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2.2 MeV gamma time profile
. Only ~ 10 hits 30 |
. | cannot find signal hits in ‘g i

left plot e
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Algorithm of Harada-san
. Try same algorithm in the case of mPMT hybrid

Harada-san’s n-tagging study for HK

AI g O ri t h m (Slide of his local meeting)

® The Algorithm 1s constructed from 3 parts.

1.Event Pre-selection
—rough selection by using N10 method.

2.Vertex Reconstruction
—reconstruction by using prompt positron position.

3. TMVA Evaluation
—multi variate analysis method is used.



Todo
. Tuning of N10 method:

o How many hits are expected by the 2.2 MeV signal?
o How about the time window? 10 ns is valid?
o How about the threshold of hits for pretrigger ?
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2.2 MeV gamma MC w/o D.R.

. HK hybrid option
- B&L 20 P.C., mPMT 10 P.C.
> D.R.: B&L 4.2 kHz, mPMT 100 Hz 2

. 10,000 events

/ bin

o Uniform in the tank
o Isotropy direction
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2.2 MeV gamma MC w/o D.R. (cont'd)

# of hits:
- B&L:~7

o mPMT: ~ 1 (6000 events have no hits of mPMT)

o Linear dependency of P.C. — more mPMT is better

o If 3k mPMT case, # of hits is expected ~0.3 p.e.

— | think there will be little effect of mMPMT to n-tagging performance
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2.2 MeV gamma MC w/o D.R. (cont'd)

PMT hit distributions

o mPMT and B&L distributions are same
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2.2 MeV gamma MC w/o D.R. (cont'd)

. Timing profiles
o Left: not TOF subtracted
« Including information of vertex dist. in shoulder of dist. shaoe

o Right: TOF subtracted

« Reflects features of Cherenkov photons
e Scatter, shower particles (PMT timing res.)
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2.2 MeV gamma MC w/ D.R.

Event VTX-phi
« Added D.R. with time window soF” 5?::2;“?3552
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# of hits / bin
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2.2 MeV gamma MC w/ D.R. (cont'd)
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2.2 MeV gamma MC w/ D.R. (cont'd)
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Plan

. Check timing scale of 2.2 MeV gamma signal
. — Determine N10 timing window ( whether or not 10 ns is
good for mPMT hybrid case)

threshold = 10 p.e. case (preliminary)
# of candidate of N10 method is shown|

# of tagged candidate with N10 method
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n NTagged FirePreTrigger: Result: # pretrigger = 2
T B . Entries 8 FirePreTrigger: Result: # pretrigger = 2
) Mean 4137 =T a . I o
G>J 10t RMS 0.578 Fy_ePr_eTr}gger_. Result: # pr_etr_}gger_ = 6
£ FirePreTrigger: Result: # pretrigger = 3
9 - FirePreTrigger: Result: # pretrigger = 4
P B = = FirePreTrigger: Result: # pretrigger = 1
8 10° = FirePreTrigger: Result: # pretrigger = 2
(©)) = FirePreTrigger: Result: # pretrigger = 3
% B FirePreTrigger: Result: # pretrigger = 3
%' 102 signal dominant FirePreTrigger: Result: # pretr@gger = 1
++ = — FirePreTrigger: Result: # pretrigger = 3
- FirePreTrigger: Result: # pretrigger = 1
B ) FirePreTrigger: Result: # pretrigger = 2
igi== D.R. dominant + FirePreTrigger: Result: # pretrigger = 0
E # <1» FirePreTrigger: Result: # pretrigger = 1
| ok
1§I | | 11 1 l L1 ‘ L1 | ‘ L1 | ‘ 11 1 | L1 | L1 | l L1 1 | L1 1
0 2 4 6 8

10 12 14 16 18 20
threshold _p.e. [/p.e.].



Number of hit PMTs

From Shinoki-san

Number of hit PMTs Ratio of hit PMTs based on PC20%
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* HK PMT with LC can collect ~20% more photons

Ishitsuka-san’s slide for LC B&L 20 P.C. + mPMT 10 P.C. case
(Slide of HK 8th Proto-collab. meeting) R effecti\./e .P C ~24PC s
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2.2 MeV gamma with FitVertexLE

. Tried the reconstruction of 2.2 MeV gamma with

FitVertexLE

o 100 events are put into FitVertexLE ( fitting take 11 min / events)

o D.R. is generated in the time window whose width is 1e6 ns (capture time
is not included)

o — # of reconstructed events: 77 (w/o mPMT), 76 (w/ mPMT)

pmtType
htemp
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pmtType
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2.2 MeV gamma with FitVertexLE (conta)

. Reconstructed timing distribution of 2.2 MeV gamma

events / bin

bsvertex[3] {pmtType == 0}
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2.2 MeV gamma with FitVertexLE (conta)

. Failed to find vertex position ? (need more stat.)

Distance from mc to rec.

events / bin
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Event leakage

Made new type of plots
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Distance from mc to rec. of outside events

DVTXOFV
120 - Entries 1024
Only events of outside of FV Mean,  448.3
]1 RMS  549.4
- E=3MeV
100
80 P
} ——— w/o mPMT
| —— w/ mPMT
60
40
20/
0_[ | I i | | ] b il | | | mnnl hlmlnrrlnrl lnlnlnﬂ-1| lnlm-nlnlnrlrnhnl n
0 500 1000 1500 2000 2500 3000 3500 4000




Distance from mc to rec. of outside events

DVTXOFV
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Distance from mc to rec. of outside events

= DVTXOFV
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Distance from mc to rec. of outside events

DVTXOFV
Entries 1051
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Distance from mc to rec. of outside events

DVTXOFV
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Distance from mc to rec. of outside events

DVTXOFV
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Distance from mc to rec. of outside events

_ DVTXOFV
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dWall vs distant between MC and rec.

3 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap
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dWall vs distant between MC and rec.

4 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap
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dWall vs distant between MC and rec.

5 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap
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dWall vs distant between MC and rec.

6 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap
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dWall vs distant between MC and rec.
8 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap Event dWall vs gap
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dWall vs distant between MC and rec. >

10 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap Event dWall vs gap
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dWall vs distant between MC and rec.
15 MeV

Left: B&L w/o mPMT
Right: B&L w/ mPMT

Event dWall vs gap Event dWall vs gap
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To do

. Iry to generate the directionality PDF
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Note

. | will talk about mPMT simulation in a midterm report of
Master thesis of Tokyo Tech. Physics Dept.
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