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 CsI data analysis
data from FADC ( in KEKCC:/hsm/had/koto/ )

convert to rootfile

 pulse shape information
Feb. data (in run40/conv_data/crate[0-10])

run????_conv.root
Jun. data ( in run43/fiber_out/node[0-10])

run????_conv_crate[0-11]_node[0-9].root

 ID, energy(integratedADC) , time 
Feb. data (in run40/sumup_data/)

Sum????.root
Jun. data ( in run43/fiber_merged )

Sum????_fiber.root

convert ( pulse shape info are lost)

cluster finding

π0 or KL reconstruction etc..

MC simulation
 of KL decays

 ID, energy, timeconv
data

sumup
data



CsI data analysis
data from FADC ( in kekcc:/hsm/had/koto/ )

convert to rootfile

 pulse shape information of each FADC crate
Feb. data (in run40/conv_data/crate[0-10])

run????_conv.root
Jun. data ( in run43/fiber_out/node[0-10])

run????_conv_crate[0-11]_node[0-9].root

 ID, energy(integratedADC) , time 
Feb. data (in run40/sumup_data/)

Sum????.root
Jun. data ( in run43/fiber_merged )

Sum????_fiber.root

convert ( pulse shape info are lost)

cluster finding

π0 or KL reconstruction etc..

MC simulation
 of KL decays

 ID, energy, time

e14lib_dev

gsim4 
( geant4 based MC)

today’s 
topic



How to install e14lib dev. ver.
• install to your own PC ( for bash )

0, Prepare geant4, ROOT and clhep.

1, In the directory where you want to install the library,
svn co  https://justice.hep.sci.osaka-u.ac.jp/svn/e14lib/trunk/e14

( you’ll be asked username and password.  user: koto, passwd:[usual one] )

2, add follows to your .bashrc.
export E14_TOP_DIR=foo/bar/e14 (where you installed e14lib) 
source $E14_TOP_DIR/scripts/e14.sh >& /dev/null
export PATH=$E14_TOP_DIR/bin:$PATH

3, compile the library.
source ~/.bashrc
cd $E14_TOP_DIR
make install-headers (←Please ignore error massages in this stage.)
make

 Comment out here at first 
time to see error message.
If any messages, follow it.



for KEKCC users
• for KEKCC user ( bash )

The e14lib for common use is already prepared in
/sw/koto/e14lib/dev/installed20120803/e14/.

To use it, add follows to ~/Env/bashrc_post
# geant4, root, clhep setting

source /sw/koto/e14lib/dev/installed20120803/requiredEnvironment  
# e14lib dev. version setting

source /sw/koto/e14lib/dev/installed20120803/setup.sh  >& /dev/null

(In the file “requiredEnvironment”, proper environments of 
g4,root and clhep are set. Don’t change those environments after 
this. )
* Also, if you want to prepare the private e14lib in KEKCC for some 
reasons, you can use the installation procedure in the previous page.



e14 analysis tools

source code:  $E14_TOP_DIR/sources/ana/rec/
provide ... 

• cluster finding
• gamma identification 
• pi0 or KL reconstruction 
• energy correction 
• position correction
• shower shape cut

•  We already have a lot of know-hows for various analysis 
which were accumulated through e391a and MC study .
⇒ some of them are available in e14lib developing version.

→class ClusterFinder
→class GammaFinder
→class Rec2g , RecKlong
→class E14GNAnaFunction
→class E14GNAnaFunction
→class ShapeChi2, ShapeANN



examples
example program : $E14_TOP_DIR/examples/e14gnana/

• e14clustering -- clustering from MC 
bin/e14clustering [input file(MC data)] [output file]

• e14g2ana -- pi0 reconstruction for KLpi0nunu event
bin/e14g2ana [input file(clustering result)] [output file]

• e14g4ana -- KL reconstruction for KLpi0pi0 event
bin/e14g4ana [input file(clustering result)] [output file]

• e14g6ana -- KL reconstruction for KL3pi0 event
bin/e14g4ana [input file(clustering result)] [output file]

→see backup slides for how to use these programs



flow of analysis
1.cluster finding

• To measure gamma energy using CsI calorimeter, 
we should make “cluster”.

• cluster = a group of CsI crystals with energy deposit 
exceeding a threshold.

• class “ClusterFinder” provides the function for clustering  

std::list<Cluster> findCluster(int nCsi,int *ID,double *E,double *time)



finding clusters

consider the case like 
left figure. 

E deposit on CsI



finding clusters

1,Set threshold
(default = 3MeV)

 Ignore crystals whose 
energy deposit is less than 
threshold.



finding clusters

2, focus on one crystal. focus



finding clusters
3, group crystals of which 
center positions are less 
than 7cm apart from the 
center of focused crystal

7cm





finding clusters

7cm

change 
focused CsI

newly add
to the group

4, focus on another crystal 
in the same group and 
repeat process 3.



finding clusters

cluster A
4, focus on another crystal 
in the same group and 
repeat process 3.
 →run over until there is no 
crystal to add to the group. 



finding clusters
5, focus on a remaining 
crystal and repeat the 
procedure above until all 
crystals are used.

cluster A 7cm



finding clusters

finally, in this case, 
3 clusters were found.
( notice that single hits are 
not “cluster” )

cluster A

cluster B

cluster C
single isolated crystals



energy,position,time of cluster

following cluster informations are calculated 
• sum of energy deposit
• position of center-of-energy 

• timing Cluster timing is not studied sufficiently. Now I 
temporarily defined cluster time as earliest time
 of CsI hits. 

次に Edep から入射 γ 線のエネルギーを求めるため、Edep を次の式に従って補正することにした

Ecor = (1 + F ) × Edep (A.2)

ここで、F = 0.06334 + 0.01853× /
√

Edep(GeV )− 0.01634× log Edep(GeV )はシミュレーショ
ンから得られたエネルギーの漏れの割合に対する補正関数を表す。エネルギーの漏れの補正を行う
と、入射 γ のエネルギーと再構成された γ 線のエネルギーの差の平均は図 A.5が示すように 0に
なっている。
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図 A.4: Edepとエネルギーの漏れの割合の相関
図。縦軸は入射した γの真のエネルギー (Einc)
との差の割合を示している。エネルギーの漏れ
の割合は F = p1 + p2/

√
Edep(GeV ) − p3 ×

log Edep(GeV )で表わされる。
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図 A.5: γ 線の入射エネルギーと再構成され
た γ線のエネルギーの差。緑のハッチはエネル
ギーの漏れの補正前（Erec = Edep)。赤のハッ
チはエネルギーの漏れの補正後を表す (Erec =
Ecor)。

A.3 入射 γの位置の求め方
入射 γの位置は 2つの段階を踏んで求める。まず初めに入射γ線の再構成された入射位置PCOE =

(xc, yc, zc)を求める。zc は CsIカロリメーターの前面の zの位置で zc=6148mである。また、xc

と yc はクラスターのエネルギー重心で以下の式から求める。

xc =
n∑

i

(Ei × xi)∑
i Ei

　 (A.3)

yc =
n∑

i

(Ei × yi)∑
i Ei

　 (A.4)

xi、yiはクラスターに属する各 CsI結晶（シード）の中心位置の x座標と y座標を表し、Eiは
各 CsI結晶のエネルギーを表す。また、nはクラスターに属している CsI結晶の数を表す。次に、
γ 線の再構成された位置と γ 線の入射位置 Pinc = (xinc, yinc, zinc)の違いの補正を行う。ここで、
zincは CsIカロリメーターの前面の zの位置で zinc=6148mmである。これは図A.6が示すように
PCOE は電磁シャワーが最も発達した場所を表わしていて、入射 γ線のCsIカロリメーターの表面

74

xi = position of each CsI
Ei  = energy deposit each CsI



flow of analysis
                       *2. gamma finding

• gamma finding = to identify 
clusters as gamma cluster or 
not
• require energy deposit > 20 
MeV as a gamma cluster
note: “gamma cluster” means “not a 
collateral cluster but a cluster made 
by particle”.  I don’t mean that 
“gamma cluster” is made by gamma.
class “GammaFinder” 
provide the Function for this.

void findGamma(std::list<Cluster> const &clist, std::list<Gamma> glist)

cluster A
=Gamma

cluster B
= collateral

cluster C
= collateral

Edep >20MeV

Edep < 20MeV

Edep < 20MeV



Now I just require very simple condition (E deposit > 20 MeV). 
One who analyzes the data should study and develop this procedure.

KLpi0nunu MC
(events where 2 gammas hit on CsI fiducial)

blue : # of clusters
red: # of gamma clusters

☆90.9% accepted→96.6%



flow of analysis
3. energy correction (1st)

• correct cluster energy
( some energies of incident 
gamma leaked out of cluster )

Egamma =(1+f(Ecluster)) x Ecluster

this process is also done in GammaFinder::findGamma()
void findGamma(std::list<Cluster> const &clist, std::list<Gamma> glist)

(Ecluster- Egamma)/Egamma

energy difference of
gamma(Egamma) &cluster(Ecluster)
( KLpi0nunu event MC )

black : no correction
red: energy correction



correction function
• correction function f was derived from KLpi0nunu MC.
• fraction of energy leakage strongly depends on energy and threshold.
 → f = f(Ecluster , threshold)

• f are prepared for small and large crystals respectively.  
Energy weighted mean of 2 functions are used for clusters which 
include both small and large crystals

• f = 0.014+0.052/sqrt(E[GeV])-0.0074 log(E[GeV]) [Small, thre=3MeV]

for small
threshold

black: 1.5MeV
red: 3MeV
green: 5MeV
blue: 7MeV

threshold
black: 1.5MeV
red: 3MeV
green: 5MeV
blue: 7MeV

for large

Ecluster[MeV] Ecluster[MeV]

f f



flow of analysis
4-1. reconstruction pi0

68 CHAPTER 5. EVENT RECONSTRUCTION

(0, 0, Z    )CsI

E

E

(0, 0, Z    )vtx dz

d

d

r

r

r12

1

2

1

2

2

1

!
Figure 5.13: A schematic view of parame-
ters used to reconstruct the π0 vertex.
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Figure 5.11: The distributions of the in-
variant mass of two photons (Mγγ) for be-
fore (solid) and after (dashed) applying the
energy and position corrections. The peak
of Mγγ after the corrections is 0.135 ± 0.004
GeV/c2, which is consistent with the π0

mass, as measured with the π0 run data.
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Figure 5.12: The mean of Mγγ does not
depend on the minimum photon energy after
applying the energy and position corrections
(blue dot) in contrast to before applying the
corrections (black square), as measured with
the π0 run data.

mass of the two photons is the π0 mass(Mπ0), we get:

cosθ = 1 −
M2

π0

2E1E2
, (5.11)

where E1 and E2 are the energies of the photons. Therefore, the decay vertex, Zvtx, was
calculated from the Equation 5.8, 5.9, 5.10 and 5.11. Also the standard deviation of the decay
vertex, σvtx, was calculated from the standard deviation of the measured quantities: σEi ,σxi

and σyi for each photon(i = 1, 2), using the error propagation from these equations.
After reconstructing the vertex (0, 0, Zvtx), the momentum vector of the π0 was calculated

as the sum of two photon momenta. The transverse momentum of the π0, PT , is expressed as

PT =
√

(P π0

x )2 + (P π0

y )2 , (5.12)

where P π0

x and P π0

y are x and y components of the π0 momentum, respectively. The PT is
independent of the reference frame, and stays within a kinematical limit. This feature played
an important role in background suppression as will be discussed in Chapter 7.

• assume that 2 gamma on CsI 
were generated from pi0
 then,

• for the events where 2 gamma 
clusters on CsI calorimeter. 

.
• assume the vertex is on beam 
axis
→ can calculate Zvtx as left figure

class Rec2g provide the function for pi0 reconstruction
std::list<Pi0>  recPi0withConstM( std::list<Gamma> glist, const double M=Mpi0 )



flow of analysis
4-2. reconstruction KL

• for the events where 4 or 6 
gamma clusters on CsI.

CsI beam
axis

π1

π2

π3

6gamma case:

• pions are reconstructed 
using a method in previous 
page.
→ ZKL = mean of Zπ

Appendix B

KL → π0π0π0 (π0π0) reconstruction

In this appendix, we will describe the reconstruction method for KL → π0π0π0 decays and
KL → π0π0 decays. We reconstructed both decay modes with the same method. We will
explain the reconstruction of the KL → π0π0π0 decay.

When we reconstructed KL in six-photon event samples, there were fifteen possible photon
pairings to form three π0’s, as shown in Table B.1 (Table B.2 for KL → π0π0 reconstruction).
For each photon pair, we calculated the π0 decay vertex, Zvtx(i), and calculated a quantity
(vertex χ2) :

χ2 =
3∑

i=1

[ZKL − Zvtx(i)]2

σvtx(i)
, (B.1)

where the ZKL is the z component of the decay vertex of the KL defined as a weighted mean
of the three π0 verticies:

ZKL =

3∑

i=1

[Zvtx(i)/σvtx(i)2]

3∑

i=1

[1/σvtx(i)2]

, (B.2)

where σvtx(i) is the error on Zvtx(i).
For each event, we selected the photon pairing with the smallest χ2 (so-called best χ2

combination). We then calculate the following quantities.

• KL energy :

EKL =
6∑

i=1

Eγ(i) , (B.3)

where Eγ(i) is the ith photon’s energy.

135

Zvtx(1)

Zvtx(3)
Zvtx(2)



Appendix B

KL → π0π0π0 (π0π0) reconstruction

In this appendix, we will describe the reconstruction method for KL → π0π0π0 decays and
KL → π0π0 decays. We reconstructed both decay modes with the same method. We will
explain the reconstruction of the KL → π0π0π0 decay.

When we reconstructed KL in six-photon event samples, there were fifteen possible photon
pairings to form three π0’s, as shown in Table B.1 (Table B.2 for KL → π0π0 reconstruction).
For each photon pair, we calculated the π0 decay vertex, Zvtx(i), and calculated a quantity
(vertex χ2) :

χ2 =
3∑

i=1

[ZKL − Zvtx(i)]2

σvtx(i)
, (B.1)

where the ZKL is the z component of the decay vertex of the KL defined as a weighted mean
of the three π0 verticies:

ZKL =

3∑

i=1

[Zvtx(i)/σvtx(i)2]

3∑

i=1

[1/σvtx(i)2]

, (B.2)

where σvtx(i) is the error on Zvtx(i).
For each event, we selected the photon pairing with the smallest χ2 (so-called best χ2

combination). We then calculate the following quantities.

• KL energy :

EKL =
6∑

i=1

Eγ(i) , (B.3)

where Eγ(i) is the ith photon’s energy.
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• KL decay vertex :

⎛

⎜⎜⎜⎜⎜⎝

XKL

YKL

ZKL

⎞

⎟⎟⎟⎟⎟⎠
=

⎛

⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

s ×
6∑

i=1

EγXγ(i)/EKL

s ×
6∑

i=1

EγYγ(i)/EKL

ZKL [see Eq. B.2]

⎞

⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

, (B.4)

s =
ZKL − Ztarget

ZCsI − Ztarget
, (B.5)

where (Xγ(i), Yγ(i)) is the hit position of the ith photon on the CsI calorimeter, Ztarget

is the position of the production target (-1180 cm) and ZCsI is the position of the CsI
calorimeter (614.8 cm).

• Invariant mass :

M6γ =

√√√√[EKL ]2 −
[

6∑

i=1

PXγ(i)

]2

−
[

6∑

i=1

PY γ(i)

]2

−
[

6∑

i=1

PZγ(i)

]2

, (B.6)

where PXγ(i), PY γ(i) and PZγ(i) are x, y and z components of the momentum vector of
the ith photon calculated with the KL vertex and the photon’s energy and hit position
on the CsI calorimeter.

In order to remove mis-reconstructed KL’s, we required the χ2 of the KL candidate to be
less than 5 (best χ2 cut). Figure B.1 shows the distribution of the χ2 of the KL candidate for
the six-photon-event samples in data, which was consistent with the MC.

Moreover, we required additional condition in order to make sure that we have selected the
correct photon pairing. Sometimes, the photon pairing with the next smallest χ2 (so-called
second χ2 pairing) had the invariant mass closer to the KL mass than the photon pairing
with the minimum χ2. Since events with such the second χ2 pairing had a potential to be
mis-reconstructed, we rejected events in which the invariant mass of the second χ2 pairing
(M6γ-2nd.-χ2) was in the region: 0.47 ≤ M6γ-2nd.-χ2(GeV/c2) ≤ 0.54, and the difference (∆χ2)
between the smallest χ2 and the next smallest χ2 was less than 15 (second best χ2 cut).
Figure B.2 shows the distribution M6γ-2nd.-χ2 versus ∆χ2. Figure B.3 shows the distribution
of the next smallest χ2. The distribution of the next smallest χ2 measured with the real data
was also consistent with the MC.

As shown in Fig. B.4, the second best χ2 cut reduced the number of mis-reconstructed KL,
appearing as the events in the side band region. The 35 % of signal was lost due to these
requirements, which was consistent with the MC study within 3 %.

• KL energy = sum of gamma energies • KL vertex x,y 
= center-of-gravity of gammas 

• combination of gammas is decided
by chi square

Appendix B

KL → π0π0π0 (π0π0) reconstruction

In this appendix, we will describe the reconstruction method for KL → π0π0π0 decays and
KL → π0π0 decays. We reconstructed both decay modes with the same method. We will
explain the reconstruction of the KL → π0π0π0 decay.

When we reconstructed KL in six-photon event samples, there were fifteen possible photon
pairings to form three π0’s, as shown in Table B.1 (Table B.2 for KL → π0π0 reconstruction).
For each photon pair, we calculated the π0 decay vertex, Zvtx(i), and calculated a quantity
(vertex χ2) :

χ2 =
3∑

i=1

[ZKL − Zvtx(i)]2

σvtx(i)
, (B.1)

where the ZKL is the z component of the decay vertex of the KL defined as a weighted mean
of the three π0 verticies:

ZKL =

3∑

i=1

[Zvtx(i)/σvtx(i)2]

3∑

i=1

[1/σvtx(i)2]

, (B.2)

where σvtx(i) is the error on Zvtx(i).
For each event, we selected the photon pairing with the smallest χ2 (so-called best χ2

combination). We then calculate the following quantities.

• KL energy :

EKL =
6∑

i=1

Eγ(i) , (B.3)

where Eγ(i) is the ith photon’s energy.
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class RecKlong provide the function for KL reconstruction
std::vector<Klong>   recK2pi0( const std::list<Pi0>& pi0list) 
std::vector<Klong>   recK3pi0( const std::list<Pi0>& pi0list) 



flow of analysis
5. position correction5.1. PHOTON FINDING 65
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shower max.

Figure 5.8: A schematic view of the po-
sition correction. Taking the shower length
(L) into account, the incident position (Pinc)
was calculated from the reconstructed posi-
tion (Prec) and the incident angle.

position. We calculated the incident position of the photon at the upstream surface of the CsI
calorimeter, Pinc = (xin, yin, zin), where zin is the position of the CsI calorimeter, zin = 614.8
cm. As shown in Fig. 5.8, the incident position was calculated as a function of the shower
length(L):

xin = xr − L · sin θ · cos φ , (5.5)

yin = yr − L · sin θ · sinφ , (5.6)

where θ is the polar angle of the photon from the z-axis and φ is the azimuth angle of the
photon around the z-axis. In order to estimate the incident angle of the photon, we temporar-
ily reconstructed a π0 decay vertex from a combination of two photons according to the π0

reconstruction as will be described in Section 5.2. For this purpose, we used the position of
the photon, Prec. Once we obtained the direction of the photon, from the decay vertex to the
photon position Prec, we calculated the θ and φ. The shower length L is expressed as:

L(cm/X0) ≡ |Pinc − Prec|
X0

= p1 + p2 · ln(E(GeV)) (5.7)

where X0 is the radiation length of the CsI (1.85 cm), E is the incident energy, and p1, p2 are
free parameters. Using MC, we estimated p1 and p2 to be 6.22 and 0.98, respectively (Fig. 5.9).
After applying the position correction, the hit position of the photon was reconstructed cor-
rectly within 0.5 cm in a standard deviation as shown in Fig. 5.10.

Performance of photon reconstruction

We checked the performance of the photon reconstruction by using the data collected in the
π0 run with an Al plate inserted in the beam. The invariant mass of the two photons from the
π0 decay was calculated with the known vertex and the reconstructed energy and position of
the photons.

The peak position of the invariant mass, Mγγ , is correctly on the π0 mass after applying
both the energy and position corrections as shown in Fig. 5.11. Also as shown in Fig. 5.12, the
peak position of Mγγ does not depend on the minimum photon’s energy after the energy and
position corrections. These facts indicate that the energies and the positions were correctly
reconstructed.

• correct cluster position
• center-of-energy position (Prec) 
is different from gamma incident 
position (Pinc) due to shower 
length

Pinc = Prec (1-Lsinθ)
[ L= 18.5(6.49+0.992log(E[GeV]))mm from MC ]

the function is defined in class E14GNAnaFunction 
void correctPosition(Gamma& gamma)

Note:  this can’t be done before vertex reconstruction 
because angle of gamma is needed.

θ



flow of analysis
6. energy correction (2nd)

• energy correction including angle dependence.

energy[MeV]

co
sθ

th
re

sh
old

1.5
3.0

5.0
7.5

f = f(E,cosθ,threshold)
is derived from correction table

☜ each point have value fi
estimated by MC
 To calculate f from these point, 
• spline interpolation for E
• linear interpolation 
  for cosθ and threshold

the function is defined in class E14GNAnaFunction 
void correctEnergyWithAngle(Gamma& gamma)

points on correction table



flow of analysis
7. re-reconstruction

you can find some examples in
$E14_TOP_DIR/examples/e14gnana/e14g?ana/src/user_rec.cc

• repeat π0(KL) reconstruction again with corrected 
positions and energies.



flow of analysis
*8. kinetic cut

•kinetic cuts for KLpi0nunu ( see KOTO proposal for detail)
•energy

•CsI fiducial

•vertex • Pt

•distance

100<E<2000MeV 3000<Vz<5000 mm
130<Pt of π0<250MeV

distance of 2 gamma 
      > 300mm

R<850mm
|x|>150 || |y| >150mm

MC of π0nunu



Figure 36: Top-left: Relation between incident energy and reconstructed
angle for even-pairing KL → π0π0 background events in the event-gating
box. Because the incident angle is correctly reconstructed, the events are
located in the allowed region, which is same as that of the signal. Top-right:
Relation between incident energy and reconstructed angle for odd-pairing
background. The relation is broken due to wrong vertex reconstruction and
many events are shifted to an unphysical region. Bottom-left: Energy Ratio
between two photons in even pairing, which has the same distribution as
signal events. Bottom-right: Ratio between two photons in odd pairing. A
large difference between the energies of two photons is needed to satisfy the
condition of high PT .

59

you can find a example of how to apply these cuts in
$E14_TOP_DIR/examples/e14gnana/e14g2ana/src/user_cut.cc

•sum of energy
to rejects decays in downstream

•E-θ to reject 2π0 odd

• E ratio to reject 2π0 odd

Esmaller /Ebigger >0.2

•collinear

ΔΦ < 150°

x x

Y

ΔΦ
to reject K→2γ

γ1

γ2

MC of 2π0 odd

E×θ>2500MeV•deg

Figure 36: Top-left: Relation between incident energy and reconstructed
angle for even-pairing KL → π0π0 background events in the event-gating
box. Because the incident angle is correctly reconstructed, the events are
located in the allowed region, which is same as that of the signal. Top-right:
Relation between incident energy and reconstructed angle for odd-pairing
background. The relation is broken due to wrong vertex reconstruction and
many events are shifted to an unphysical region. Bottom-left: Energy Ratio
between two photons in even pairing, which has the same distribution as
signal events. Bottom-right: Ratio between two photons in odd pairing. A
large difference between the energies of two photons is needed to satisfy the
condition of high PT .
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flow of analysis
*9. CsI veto cut

CsI hits that were not included in 
gamma clusters should have energy 
less than a threshold.

you can find some example of how to apply this cut in
$E14_TOP_DIR/examples/e14gnana/e14g2ana/src/user_cut.cc

threshold

C
sI

 e
n

e
rg

y
 [

M
e

V
]

distance from gamma cluster[mm]

 threshold is a function of distance from gamma cluster
(derived from MC, signal acceptance loss = 10%)



flow of analysis
*10. veto cut

* not prepared standard cut values for veto detector.
 It’s responsible for the one who analyze data.

you can find some example in
$E14_TOP_DIR/examples/e14gnana/e14g2ana/src/user_cut.cc



flow of analysis
*11. shower shape cut

RMS : automatically calculated in cluster finding
shapeχ2 : class ShapeChi2 provides.  void shapeChi2(Gamma& gamma)
shapeANN : class ShapeANN provides. void shapeANN(Gamma& gamma)

• qualify gamma cluster from its shape.

ANN output
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図 B.5: ANNの出力。緑の斜線は ηバックグ
ラウンドのANN出力、赤の斜線はシグナルの
ANN出力
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図 B.6: シグナルの検出効率と ηバックグラウ
ンドの rejection powerとの相関
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• ANN
 neural net to 
distinguish η events

• shapeχ2

compare with MC 
expection

• RMS

付 録B Cluster Shape Cut

cluster shape cutは γクラスターらしさを判定するカットで、fusionクラスターやハドロンによ
るクラスターと γ クラスターを区別するためのカットである。現在、E14実験では cluster shape
cutとしてRMS cut、χ2 cut、ANN cutの 3つを組み合わせて使用している。カットによるシグナ
ルの acceptanceはそれぞれのカットに対し 90%から 80%程度に設定していて、cluster shape cut
全体でのシグナルの acceptance lossは 30%となっている。ここでは、まず初めに各カットの紹介
をし、次に 2π0 バックグラウンドの fusion eventを使用した cluster shape cutの評価を行う。ま
た、ANN cutは特にCV-ηバックグラウンドを排除するために開発されたカットなので、ANN cut
の CV-ηバックグラウンドに対する効果ついても述べることにする。

B.1 cluster shape cut

B.1.1 RMS cut

RMS cutはクラスターのエネルギー重心を基準値とした RMSによるカットである。以下にエ
ネルギー重心 (COE)と RMSの定義式を示す。

COE =
∑

i

(Ei × ri)∑
i Ei

　 (B.1)

ri=(xi,yi)で各結晶の中心の座標を表す

RMS =
√∑

i

(Ei × (ri − COE)2/
∑

i

Ei (B.2)

B.1.2 χ2 cut

χ2 は予め作成しておいた γ クラスターの shower libraryと実際のクラスターのシャワーの形状
を比較し、そのクラスターが γ クラスターかどうかを判断するカットである。

χ2 cutはまず、KL → π0νν̄ シグナルで π0からの 2つの γ 線が CsIの 175mm<r<850mmの間
に入射し、クラスタリングの結果 2クラスターに見え π0の崩壊位置を再構成できた事象を使って
CsIクラスターでの shower library を構築する。shower libraryには γ線の入射位置の結晶を中心
とした 5×5の各 CsI結晶のエネルギー損失の平均と二乗平均平方根 (rms)が記録されている。こ
こで注意しなくてはいけないのは E14実験で使う CsI結晶の大きさは 5x5cmと 2.5x2.5cmの二種
類があることである。そのため、5x5cmの結晶の領域における shower libraryには γ 線の入射位
置の CsI結晶を中心に 3x3の各 CsI結晶のエネルギー損失の平均と rmsを記録することにした。
また、２つの大きさの CsIが混じる中間領域の shower libraryには 2.5x2.5cmの CsI結晶４つを
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data container class
☆classes of data container for analysis

• Cluster (libcluster) : $E14_TOP_DIR/sources/ana/rec/cluster
 - cluster informations

• Gamma (libgamma) : $E14_TOP_DIR/sources/ana/rec/gamma
 - gamma-cluster informations

• Pi0 (libpi0) : $E14_TOP_DIR/sources/ana/rec/pi0 
- reconstructed π0 informations

• Klong (libklong) : $E14_TOP_DIR/sources/ana/klong 
- reconstructed KL informations



Klong

Pi0 Pi0

Gamma

Cluster

Gamma
Cluster

Gamma
Cluster
Gamma
Cluster

Pi0
Gamma
Cluster
Gamma
Cluster

vertex
momentum
inv. mass 
 etc...

position
momentum
 etc...

COE position
E deposit
time
CsI ID
CsI E
CsI time
threshold

vertex
momentum
inv. mass 
 etc...



summary

• E14 library developing version has various functions for ...
• clustering  
• gamma identification 
• pi0 or KL reconstruction 
• energy correction 
• position correction 
• shower shape cut

    ...etc
I summarized the functions of e14lib along standard analysis flow.

• Some example executables are prepared in $E14_TOP_DIR/
examples/e14gnana. They will help you to learn how to use e14lib 
for analysis.



e14lib web page

• e14lib developing version is often updated.
  You can get the information of e14lib from the web page

https://justice.hep.sci.osaka-u.ac.jp/trac/e14lib
( username: koto, password:[usual one] ).
• from “timeline” tab, you can see the changes in recent updates.

* some information in this web page is a bit old. Please ignore 
“installation” part. 



backup



flow chart 
of example programs



e14clustering
output from gsim4

data conversion to simple array form
DigiReader::getCsiDigi(n,ID[],E[],Time[])

(GsimDigiData)

(array ( n,ID[],E[],Time[] ) )

clustering
ClusterFinder::findCluster(n,ID[],E[],Time[])

(std::list<Cluster>)

data conversion to simple array form
E14GNAnaDataContainer::setData(std::list<Cluster>)

(array)

output to root file



e14g2ana
output from e14clusteing

data conversion to std::list<Cluster>
(array)

std::list<Cluster>
gamma finding & 1st energy correction

GammaFinder::findGamma(std::list<Cluster>,std::list<Gamma>&)

Rec2g::recPi0WithConstM(std::list<Gamma>)

E14GNAnaDataContainer::setData(std::list<Cluster>&)

std::list<Gamma>
pi0 reconstruction

std::list<Pi0>

E14GNAnafunction::correctPosition(Pi0&)
position correction & 2nd energy correction → reconstruction 

E14GNAnafunction::correctEnergyWithAngle(Pi0&)
Rec2g::recPi0WithConstM(std::list<Gamma>)

std::list<Pi0>

data conversion to simple array form
E14GNAnaDataContainer::setData(std::list<Pi0>)

apply kinetic cuts, veto cuts,shape cut
output to 
root file



e14g4(6)ana
output from e14clusteing

data conversion to std::list<Cluster>
(array)

std::list<Cluster>
gamma finding & 1st energy correction

GammaFinder::findGamma(std::list<Cluster>,std::list<Gamma>&)

RecKlong::recK2pi0(std::list<Gamma>)

E14GNAnaDataContainer::setData(std::list<Cluster>&)

std::list<Gamma>
KL reconstruction

std::vector<Klong>

E14GNAnafunction::correctPosition(Klong&)
position correction & 2nd energy correction → reconstruction 

E14GNAnafunction::correctEnergyWithAngle(Klong&)
RecKlong::recK2pi0(std::list<Gamma>)

std::vector<Klong>

data conversion to simple array form
E14GNAnaDataContainer::setData(std::vector<Klong>)

apply kinetic cuts, veto cuts,shape cut
output to 
root file



demonstration (1)
estimate # of KL→π0νν 

events using MC

(how to use analysis tools)



generate simulation
make working directory 

copy a macro file and edit it 
(→see next page)

output file
#event random seed

start MC



edit the macro file
* configuration of MC are written in a macrofile.
examples of macrofile are found in $E14_TOP_DIR/examples/gsim4test

• • • • • •

comment out viewer settings

change a kind of particle to KLpi0nunu

change momentum spectrum 
from E14Spctrum ( a bit old )
to E14SurveySpectrum.

• edit e14.mac as follows



clustering

←make cluster from gsim4 output file

MC

start 
clustering
program



g2ana ( reconstruct pi0 )

start 
reconstruction
program

←reconstruct pi0 from e14clustering output file

• • • • • •

reconstruction
program

e14clustering



result

plot the events
in signal box

require kinetic cut

#of KL generated

#of KL/spill

3 snowmass years

spill cycle[sec]

Br

# in signal box

~ 6 events are expected 
( w/o veto, accidental loss, shower shape cut)



demonstration (2)
compile your code 

with e14library



test.cc

Makefile

←edit MAINS

←change yes⇒no

REQUIREMENT

name of libraries
are defined in 
REQUIREMENT

make working directory 

copy Makefile 
and REQUIREMENTedit Makefile

consider you want to compile test.cc that use class Cluster.

edit test.cc

execute
work as expected


