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COMET Experiment (Phase-I)

* The COMET Phase-Il experiment is seeking the transition of a muon to an electron,
which is one of the Charged Lepton Flavor Violation (CLFV) processes.
CLFV is strongly prohibited in the SM > BR O(~107°%)
Beyond the SM > BR 0(1074~10""7) W)

Discovery of
New Physics

(about 100 times higher than the previous experiment)

* The COMET Phase-l is aiming at a single event sensitivity of 3.1x1071°

¥

Pion Production SINDRUM @I @ PSI

BR (4~ Au - e~ Au)
< 7x10713 90% C.L.

Proton Beam

Muon Transport
Detector \

\

The main detector for
the COMET Phase-l is
the Cylindrical Drift Chamber
(called CDC)

COMET Phase-l Layout
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CDC (Cylindrical Drift Chamber)

e CDCis the main detector searching for the ue conversion.

pu e conversion: u~ + Al - e (105MeV/c) + Al

Background (DIO): 4~ +Al—->e” +Vve +v, + Al
Signal and DIO (BR=3 x 10
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Requirements of CDC

* Momentum resolution must be less than 200 keV/c (for 105 MeV/c electrons)
* Spatial Resolution must be less than 250 um (in the 1 T magnetic field)
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Status of COMET CDC

Structure of Cell 1 Ycell
1
Al — ¢ !
=126 um !
’ i _____ _feu Cells are located on(
CDC concentricall
Au plated W +HY | g y
¢ =25 um °
Ground

Structure of Layer _
Alternatively

 CDCis arranged in 20 sense layers (including 2 guard layers)
with alternating positive and negative stereo angles. //

Stereo angles

S— 65~74 [mrad] .
Gas & Magnetic Filed wire
B T a\

He:1-C, H{p = 90: 10

Layer 1
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SETUP for Cosmic Ray Test

* The Cosmic Ray Test for the CDC is ongoing in KEK at Tsukuba campus.
* |n this JFY, the readout area was extended from about 6 % to 35 %.

- e

- Applied HV  :1825V

* @Gas Ratio : He:i-C4 H1ip = 90:10
* Readout area :about35%
- |* Trigger : Coincidence of 2 Scintillators

e Trigger Rate :about4.5Hz
Magnetic Field : not Applied

Scintillator
Upper side
439 m / /
6.5 mm | 1128 mm

»
»

<

lower side

439 m / /
6.5 mm | 1130 mm

»
»

<
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My research in Cosmic Ray Test

Research Contents = == Mainly evaluated 4 items.

N

Relation between Hit Efficiency

Drift Distance and Drift Time

* Layer Dependence e Layer Dependence

* Effect of Track Incident Angle toward Cells e Drift Distance Dependence

{- Effect of Shape of Cells l » Difference due to Hit Condition

=
/Spatial Resolution \ ([ N

Alignment of CDC

J

(o
Layer Dependence e Alignment for x, z Directions

* Drift DlstancekDependenceI | * Alignment for Incident Angle ¢, A
Effect of Track Incident Angle toward Cells . Relation between x, z, ¢, A

k\. Effect of Shape of Cells ) K /

Today | would like to talk about these items.

2019/02/18 ICEPP Symposium Yugo Matsuda



How to evaluate Spatial Resolution

Define the Residual which is the gap between the “Reconstructed Track” and the “Drift Distance”.

DCA

/‘ Drift Distance

Residual = Drift Distance — DCA

(DCA : Distance of Closest Approach)

-

Fit the Residual Dist

ribution with the Gauusian.

Residual Distribution

/eooo -

16000

Y.

entr

f

- .| The Intrinsic Spatial

14000}
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the deviation g, of the fit of residual distribution.
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Ointr . Intrinsic Spatial Resolution
Otrack - Tracking Error
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Layer Dependence of Spatial Resolution

* Evaluate the Spatial Resolution of the CDC on the upper side and the lower side.
* Quter Layers of the CDC have large tracking error due to the geometrical reason.
e Estimate the upper limit of the Intrinsic Spatial Resolution by taking average of inner layers.

__ 024
S - : . .
£ [ Average of layers upper lower
b§ 022 Ores [1m] 166 167
oof . @CDCupper
L @ CDC lower e,
T ——mme—... T
B : . : * e g o c s 22 :
016 Lo Pl o
| 5~14 Layer |
L
012 | | | | | | | | | | | | | | | | | | | |
0 5 10 15 20
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Spatial Resolution and Tracking Error ‘

* Intrinsic Spatial Resolution & Upper limit of 167 um without the magnetic field.
e Tracking Error - about 40 um according to the simulation (among inner layers).

Ores = \/G?ntr + O-%rack From this eq, Intrinsic Spatial Resolution is about 162 um.

Previous Study using Prototype of the CDC

ot i CaROT) | sty condon,
B-field [T] | HV [kV] | € [%] | otota [pm] | Tiner [um] |
0 1.85 93 216 = 9 185 £+ 10
0 1.9 94 249+ 9 218 + 10 This prototype has already
1 1.85 95 28612 | 254+13 evaluated that it is satisfied
1 1.9 94 31719 | 284420 | with the requirements of

COMET Phase-lI.

The Intrinsic Spatial Resolution is 162 um.
-> Confirmed the CDC can be satisfied the requirement.
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Effect of Incident Angle and Shape of Cell ‘

* The shape of a cell is gradually changing along to the z (beam) direction of the CDC. |
* The behavior of drifted electrons differ in terms of the shape of the cell.

@ : Incident angle toward the cell
Therefore... f : Angle characterizing the shape of the cell

i
OMEI

Define these two angles and
e Search for “the Relation between Drift Distance and Drift Time”
* Aim to improve the accuracy of tracking.

B =70 deg B =90 deg
z=12z;—20mm Z = z; mm
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Relation between Drift Distance and Drift Time < OMET

 Check the differences of “the relation between Drift Distance and Drift Time”.

— p =75+ 2.5 deg I - /..|—p =75%2.5deg
ﬁ — 90 + 2 5 deg _ ..... ﬁ = 90 + 2 5 deg
—,3 — 115+25deg _ ...... ..... _'3 — 115+25deg

= R T R

S R 500" 500" =00
Drift Time [ns] Drift Time [ns]

No 8 dependence B dependence was found
Behavior of drifted electrons is almost same Behavior of drifted electrons differ

»- If the track has large incident angle, the effect of the cell will appear.
* This is because of the distortion of the electric field in the cell.

L L i L L L
300
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Relation between Drift Distance and Drift Time < OMET

 Check the differences of “the relation between Drift Distance and Drift Time”.

@ : 5~ 15 [deg] (leaning tracm

@ : -5~ 5 [deg] (straight track)

E b |—B=75+25deg . | —p=75+25deg |
'<_E' 02:— ...... B — 90 i 2.5 deg ......... :_ ...... ﬁ — 90 i 2.5 deg .........
Q Fi |—B=115+25deg| . . | —B=115+25deg | -
15 SN T NS NN WS SIS SO B S5 U N W NS O
B S PR DUD P U DUREE DU SRS P
Drift Time [ns] * Drift Time [ns] >

No 8 dependence B dependence was found
Behavior of drifted electrons is almost same Behavior of drifted electrons differ

»- If the track has large incident angle, the effect of the cell will appear.
* This is because of the distortion of the electric field in the cell.
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* The distribution of the electric field in the cell
90 d Green)

F El '
S, S, _

< ;] < -

> >

_ i
x-Axis [cm] x-Axis [cm]
Tend to be drifted straight

Drifted electrons go around - Pass would be long

ICEPP Symposium Yugo Matsuda
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Tracking considering Incident Angle and Cell

* Use “Relation between Drift Distance and Drift Time” considering angle ¢ and 8 ->Do new way

* To compare previous tracking and new one, use the residual distribution. of Tracking
Example : Residual Distribution ¢p 155 ~ 165 [deg] (leaning track) (DCA > 5.0 mm)
H_Residual[5] H_Residual[5]
No consideration |.--.. o ....0| Entries 108803 Considered the |77 7| enties 90199
about (’5 and ,8 ﬁ L | %2/ ndf 107.1/27 effect of ¢ and '3 & s | o/t 111.5/27
F : : . | constant 3384+ 17.5 BUOUf -+ rr s s v ===fd - - - e| Constant 3264 = 17.6
3000----%----- PR S N - : : : : :
o : Mean 0.04151 + 0.00098 - . . ' ' : Mean -0.002415 = 0.000814
- : : : +| sigma  0.1893 = 0.0012 2500k~ o L b ] soma 0.1698 = 0.0009
2500_. ...... TEFEEETEEEE i : : : .
2000-_ ................................................... 2000__””;' """ """ """ """ " """
1500-_....5. ..... ...... ...... ..... ; ..... 1500__ """""""""" The tall Of reSiduaI
[ - reduced successfully

1 1.5 2

residual [mm]

1.5 2
residual [mm]
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Comparison of Simulation and Real Data ‘

e Compare the simulation with real data about
“the relation between Drift Distance and Drift Time” with respect to angle ¢ and .

éesult from simulation in previous study

10

O k...t
0 200 400

\_

% ¢ about 15 deg g os
S | . . . <
10 O g5

[ e e 8

— [ very small 7o

5 | il A I - ﬂ Sma” 7

B large o

— [ very large 6

600

800 1000 1200
Drift Time [ns]

Result from my research ¢ = 10 + 5 @

NS /.|—PB =751 2.5 deg
_ ......... f =90+ 2.5 deg
_ .......... —_ ﬁ = 115 i 25 deg

L i L L L L i L L L L L L L L L L L L L
200 300 200 500 600 700
Drift Time [ns]

Until last year,
f dependence study using real CDC
had not precisely researched yet.

Tendency of result from my research
is consistent with that of simulation.
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1. Introduction
- the COMET experiment aims to search for the yue conversion process.
- the Main detector in COMET phase-l is CDC.

2. Cosmic Ray Test
- The Cosmic Ray Test is ongoing at KEK to evaluate the performance of the CDC.
- Evaluated Relation between Drift Distance and Drift Time, Spatial Resolution,
Hit Efficiency and Alignment.

3. Data Analysis

* The readout area was extended from about 6 % to 35 %.

* the intrinsic spatial resolution of the CDC without the magnetic field is 162 um,
and this is satisfied with the requirement.

* In the relation between Drift Distance and Drift Time, there is the dependence of
incident angle ¢ of the track toward the cell, and shape of the cell S.

* | developed the tracking algorithm considering the angle ¢ and §3,
and it successfully reduced the tail of the residual distribution.
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Back Up <°MES

Back Up
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XT Curve with each incident angle ¢

_10:IliIIIIiIIIIiIlllillllillllillllillllill 0 _10 llllillll||||||||||||||IIIIIIII 0
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
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~

XT Curve with each incident angle ¢

= XT Curve with respect to ¢ (Zoom version)
£ 10 ; , . §a
: C
8 .............. ~ .......................
—— XT for ¢ -25 ~ -15 deg
—— XT for ¢ -15 ~ -5 deg
‘—XTfor$-5~5deg |
6 — XTforg5~15deg |
| XT for ¢ 15 ~ 25 deg |
——— XT for ¢ 155 ~ 165 deg
6 | XT for § 165 ~ 175 deg |......
———— XT for $ 175 ~ -175 deg
| — XTfor?f>-175~-165deg‘
———— XT for ¢ -165 ~ -155 deg
_8 ,,f .....
e
' ' ' ' | d
_10IIII|IIII|IIII|IIII|IIII|II
200 300 400 500 600 700 Drift Time [ns
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driftTime[us]

driftTime[us]
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Garfield simulation without Magnetic field with angle 45
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p distribution
H_Phi_tilde H_Beta

Entries 1.561122e+07 C Entries 1.561122e+07
35000
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Effect of the number of primary electrons

* If the track goes through very near the sense wire and make less electrons,
there would be more possibility of having larger drift length than DCA.

Track #1  Track #2

“leo'0 o
€0 of .
Near the sense wire such as track #1
® eQ *Hv DCAOe’ More like DCA < Drift Length
Because the number of primary electrons is not so large.
e prier P y g
o length Gas Xo(m) W(eV) dB"/dr(keV/em) nd¥ (em D) 17 (em D)
' Q ’ Qe‘ He—iC,H1o(85/15) 954 38 1.14 40 3
He—1C4H;¢(90/10) 1310 39 0.88 29
He—iC4H;¢(95/5) 2102 40 0.61 19 9
He—CyHg(50/50) 630 32 1.63 60 27
Residual (DCA 0~0.5 mm) of layer 4~15 He—CH,(73/27) 2166 39 147 17 1
He—CH,(80/20) 3073 40 047 13 8

A
> z
250--------------------- Entries 8027 €
850
Mean 0.2276
] bd

200

TABLE 2.2: Comparison of different Helium-based low-Z gas mixtures,

where X, is the radiation length, W is mean energy to generate one

electron-ion pair, dEM'F /dx, nj!'F, and n)"'" mean is energy loss per

cm, the number of electron-ion pairs per cm, and the number of primary
ions per cm for minimum ionizing particles, respectively.

o) SO R | S R S
B O P

150)

O I N P IS A, I

)] SECICIETTICIS PR PRy " TR ) LR EET R

This tail is also coming from the same reason.

0

2 15 ot 08 o 05 e ICHPP Symposium Yugo Matsuda

2 -1 > 0. X e 2 ’
residual [mm] residual [mm] 2 8




Cosmic Ray Track near the Sense Wire

Track #1 Track #2
Residual = drift length - DCA

. . ‘ Track #1 Track #2
eQ @)

0.4 mm 3.0 mm

e© pea €O 03mm| -~ 0.3 mm

® |@ &0.5 mm _@m‘
?\6' e e
e prist e

Iength v v
Residual = 0.1 mm  Residual = 0.01 mm

Near the sense wire such as track #1
More like DCA < Drift Length
Because the number of primary electrons is not so large.
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Contribution of Spatial Resolution to Momentum Resolution

* Momentum Resolution op, is descried by the equation below.

2
Op
t — 2 2
(22) = (@P)* +5
P —
Spatial Resolution term Multiple Scattering term
Trg 720 . 0.054 | L [1 00381 ( L )]
a= = . nl—
0.3BL? [N + 5 LB | Xy Xo
B : Magnetic Field (Tesla) Assuming
L :Length of a Track used for Measurement (m) B=1T
o, : Spatial Resolution at each Measurement Point (m) L=1m
N :The Number of Measurement Points g __75007
X, :Llength of a Track in the Gas (m) PO ~ 03 I\';‘ y
P, :Transverse Momentum (GeV/c) t = eV/c

* If Spatial Resolution g, differs from 200 pm to 300 um,
Momentum Resolution changes only about 1 %.
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Contribution of Spatial Resolution to Momentum Resolution

8 L I LI LI I L I LI l LI I LI I LI I LI I L l:

> 2 —

2 :
o . ]

€9 240 -

vﬁi - —
°ar 220 —

— - 90%He-10%iC4H10, @30um,@80um —

L2 200 - 90%He-10%iC4H10, @25um,p80um -

) - 0%He-20%CH4, ¢30um,p126um ~

S B 0%He-20%CH4, @25um,p126um B

w g 180 B —_
0 < C (ESEREED 100umZEBNT B -
S & 160 EHBABEADFEIL/NS =
| The 25um anode wire would results ~5% _

140 H better resolution than the 30um wire case. =)

| I L1 1 1 I 11 1 1 I L1 11 l | - l 11 1 1 I | I - I 1 1 1 I L1 1 1 l L1 1—

200 250 300 350 400 450 500 550 600 650 700
Xo(m)
From Akira Sato (Osaka)
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Definition of Angle of Track and Cell

¢ distribution

140

120

60[—-

40—+

20(—-

40P H_Phi_tilde
1 60 __ ................................................................. Entries _1.5611226+07

IJIIIIILI

LT e 200
¢ [degree]
* Most of cosmic-ray tracks come from upward and they don't
pass through the cell toward the X axis in the cell. OK

e Tracks with angle 0 deg and

due to the geometrical reason,

so the double peaks appear.

2019/02/18

180 deg are limited

ICEPP Symposium Yugo Matsuda

Definition of ¢ [ @ characterizing the incident angle of the track regarding to each cell.

cell




Spatial Resolution with respect to gE

Spatial Resolution with respect to $ (DCA >5.0 mm)

o
N
S

ozz S

o of residual [mm]

- » ¢ distribution

il I

- e 140F

o
N
"

120}

e I |
018 s N Trigger = No Trigger S | ||
- \ No Trigger
|
|

80

O

)

|
|
\ No Trigger
|
|

|

W] W SEeEGl N

L 11 L
— : ; : : ; ; ; B0 -150 -100 50 0 50 100 150 200

¢ [degree]

01 | I | | I | | I I | | 111 1 | I I | | I | | | I | | | I |
—%OO -150 -100 -50 0 50 100 150 200
¢ [degree]

Before considering the effect of ¢ and .
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Spatial Resolution with respect to gE

Spatial Resolution with respect to $ (DCA >5.0 mm)

o
N
5

0221

o of residual [mm]

i o ¢ distribution

- - 3

o
N
|

. 1201

018N Trigger ™ e NG THEESE T o

No Trigger

ERTY AR S S AN W S S—

|
|
\ No Trigger
|
B aof )
L : : : : : : : - \

|
|
“9* ao: \
| al
|

|

... RS S......... VD L

L 11 L
— : g g : g g : B0 -150 -100 50 0 50 100 150 200

¢ [degree]

O 1 | I I | | | N I | | | I I | | L1 1 1 | L1 1 1 | | I I | | L1 1 1 | L1 1 1
' —%OO -150 -100 -50 0 50 100 150 200
¢ [degree]

After considering the effect of ¢ and 8.
* ¢ -5~5and-175~175 have worst resolution because of the effect of diffusion in the gas.
* In the some range of angles, the spatial resolution improved.
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4000

3500

3000

2500

2000

1500

1000

500

Residual ¢ -25 ~ -15 [deg]

H_Residual[0]
Entries 118187
%2/ ndf 125/27
Constant 3665 = 18.3
Mean 0.02624 + 0.00088
: | sigma 0.1852 = 0.0011
f Ll 1l i Ll 1l i LL Ll i LL Ll i L haded i bl L

-15 -1 05 0 0.5 1 1.5 2

residual [mm]

Residual ¢ 5 ~ 15 [deg]

H_Residual[3]
: Entries 940216
35000 —_—rr .|- --------------------------
B . %2 / ndf 791.3/27
: ' ' Constant3.462e+04 + 5.661e+01
30000 == =krrrmeirrmeie e s I A SRR Mean -0.02558 + 000027
[ Sigma 0.1789 = 0.0003
25000+ -+ -k s e s ebeann ks L R P PEEARERE
20000f - -+ -k reeeieann e | % [EREIPEPEFIPEPEPIPPRE
110116] SEEPRTREPRSPPRR PN 0] EETIPEPEE PR T
10000 -+ -3 e e eieneatafenn SER P PPEPEIPEPD FRERED
BOOOf - -+ w e e ee i e b e
O -l 1.1 L i 1 i L1l i LL Ll i LL Ll i L1 1 1 i Ll Ll
2 2M)89/62/i® o o5 1 15 2

residual [mm]

Residual ¢ -15 ~ -5 [deg]

H_Residual[1]

35000 -— ------------------------------- Entries 936910
[ %2 / ndf 840.2/27
: Constant3.438e+04 + 5.604e+01
30000~
C Mean  -0.03017 = 0.00027
C Sigma 0.1793 = 0.0003
PIo011s] SETTIT SRR PP JEN R A A T
20000} :
00| SEPRECEPEEE-PERPE-F EE- EEPCEPPESPPRDE SRR
10000 :
| N S A A A
-l Al ol i L L1l i LLll i LLL1l i L1 L i Ll Ll
-2 -15 -1 -05 0 0.5 1 1.5 2
residual [mm]
Residual ¢ 15 ~ 25 [deg]
H_Residual[4]
[ Entries 117359
3500 -— -------------------------------- XZ / ndf 135.9/27
: Constant 3484 = 17.6
3000 - ke b Mean 004722 + 0.00102
[ Sigma 0.1945 = 0.0012
2500} :
2000 - -+ ke e e e b RIS
1101 SEREP EPEEE FPEPPPRY PR FEPEEPE PEPRESERPE
11000/ SERET-EPEEE-PPRPP-PF (PPN ELEPE EPRESERPE
BOOJ -+ vk ee e i e B L
L. i LLl.l i LLll i LLll i LLL1l i L1 i L] iil L1

%3CERP Synpésun? Yugd Matsuda 2

residual [mm]

Residual ¢ -5 ~ 5 [deg]

H_Residual[2]

35000

30000~

25000~

20000~

15000~

10000~

5000

n

40000:_....

Entries 1117323

%* I ndf 947.4 127

Constant3.876e+04 = 5.876e+01
Mean -0.04487 + 0.00030

Sigma 0.192 = 0.000

P R il PR FRENE A ol

-15 -1 05 0 0.5 1 1.5 2

residual [mm]

Before Correction
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Residual ¢ 155 ~ 165 [deg]

Residual ¢ 165 ~ 175 [deg]

H_Residual[5]
I Entries 108803
: lendf 107.1/27
Constant 3384+ 175

Mean 0.04151+ 0.00098
Sigma 0.1893 = 0.0012

Residual ¢ 175 ~ -175 [deg]

..................................... Fenann

-5 -1 -05 0 0.5 1 1.5 2
residual [mm]

Residual ¢ -175 ~ -165 [deg]

H_Residual[6]
Entries 939789
%2 / ndf 825.6 /27
Constant3.472e+04 = 5.676e+01
Mean -0.02477 + 0.00027
Sigma 0.1778 = 0.0003

s

1 1.5 2
residual [mm]

Residual ¢ -165 ~ -155 [deg]

H_Residual[7]
:_ Entries 1125762
¥2 / ndf 990.5 /27

Constant3.902e+04 = 5.896e+01
Mean -0.04485 = 0.00029

Sigma 0.1919 = 0.0004

ol

_ H_Residual[8]
IS S N SO Enties 904772
[ : o I ndf 861.1/27
: Constant3.438e+04 + 5.613e+01
AR 1 D Mean -0.02968 + 0.00027
C Sigma 0.1786 + 0.0003
T PP

-LL L1 i 4 L1 l LLll l LLL1l l L1 ' i Ll Ll

| ©
N

—125019}’02;zi§8 0 05 1 15 2

residual [mm]

H_Residual[9]
Entries 108354
%2 / ndf 76.68 /27
Constant 3422+ 17.6
Mean 0.02941+ 0.00093
Sigma 0.1879 = 0.0011

lllJJlJl

% ICEPP 51ymp®smom Yisgo Matseda2

residual [mm]

1 1.5 2
residual [mm]

Before Correction
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Residual ¢ -25 ~ -15 [deg]

H_Residual[0]
A Entries 98369
3500 -errennie et
[ . %2 / ndf 154.1/27
[ Constant 3436+ 17.9
3000~ --- AR ‘| Mean  0.00679 = 0.00083
[ Sigma  0.1755 = 0.0010
¢1s| EEREPTERPRIEPRERP-EES 3 FERE-PRRPEARPRR Teeees
2000 - -+ +r e et e
RIE1010] L AT TN Y SR e
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-2 -15 -1 05 0 0.5 1 1.5 2
residual [mm]
Residual ¢ 5 ~ 15 [deg]
H_Residual[3]
B Entries 731149
- . . %2 I ndf 408.7 /27
[2757070 0] P A A A 4 [
L : : Constant2.719e+04 = 5.002e+01
- Mean  -0.01509 = 0.00030
- . Sigma 0.1797 = 0.0004
20000+ =snnnnrienentenfos 3 PERES ;
15000f----* -
L(0[[011] SEEERFEETELFEERTEEE (PR ~RE CEC-RETPRCPIT feenes
BOOOf- - -+ w e w e et frn e
-l Lol i I i 1 i LLll i L1l i Ll Ll i L Ll

0-2 2459/ /1@s o o5 1 15 2

residual [mm]

Residual ¢ -15 ~ -5 [deg]

H_Residual[1]

i Entries 729958
B . . . . | 22 ndtf 443.7/27
25000_....:. ..... : ...... : ...... : ..... :.
s . . . . + | Constant2.678e+04 = 4.950e+01
[ Mean -0.01508 = 0.00031
B Sigma 0.1824 = 0.0004
200001~
15000 ---ceerrmmmeee e e e LEETE LR
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Residual ¢ 15 ~ 25 [deg]
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3500 e .:. .................. .
B . ¥2 I ndf 100.3/27
: Constant 3499 = 18.2
R e ol RS Mean 0.01556 = 0.00079
[ Sigma 0.17 + 0.00
2500} R IEEEEETEREE
2000 -+ b e et
R SR L e
16700 I AR S I P
BOOf - vl e et e el e b
-I el Ll l L1l i LL1ll i LLLll i 1 del i Ll L.l

2CERRB Sympestune Yugd Matsuida 2

residual [mm]

Residual ¢ -5 ~ 5 [deg]
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20000~
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"

H_Residual[2]
: Entries 863792
IEEEF EEFERF TR EREERE 3 R RV 712.9/27
. : Constant3.084e+04 « 5.309e+01
Mean  -0.02739 = 0.00030
: : Sigma 0.184 = 0.000
R S P PR
UUTCRRPRCUURPRE P UL SO feeee
s . ik . 1 l LL Ll l LL Ll l L1l ' LA Ll

-2
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After correction
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Residual ¢ 155 ~ 165 [deg]

Sigma

H_Residual[5]
Entries 90199
%2/ ndf 111.5/27
Constant 3264 = 17.6
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el Wi PRI AR N CRRRE i aaaadii

| ©
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Residual ¢ -175 ~ -165 [deg]
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H_Residual[8]

- : Entries 719035
I O PPRCRPIN £ PR % [ ndf 586.2/27
B . Constant2.643e+04 = 4.929e+01
5 Mean -0.02596 = 0.00032
B : Sigma 0.1812 = 0.0004
A [ PR

ek d L . T 1 l LL Ll l LL Ll l L1 Ll l Ll Ll

0-2 2@19/@2/@8 0 05 1 15 2

residual [mm]

H_Residual[6]
B Entries 723148
B %2 I ndf 513.9/27
25000 __ ........................... Constant2.679e+04 = 4.968e+01
B Mean -0.02174 + 0.00031
- Sigma 0.1799 = 0.0004
EIV0lvo] SEEEECERERRREREERREEE ) EERES :
15000~ -
10000 -+ - =5+ e sbee ek e e feenes
BOOO- -+ =k + e e wee ek ool e e e
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Residual ¢ -165 ~ -155 [deg]

H_Residual[9]
R — —
B %2 / ndf 73.43/27
e iUl R Constant 3272 = 17.6
[ Mean  -0.006034 x 0.000811
T B B Sigma 0.169  0.001
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residual [mm]

Residual ¢ 175 ~ -175 [deg]

H_Residual[7]

[ Entries 863506
30000__....5. ................. | e nar 734127

B ' Constant3.068e+04 = 5.285e+01

- . Mean -0.03429 = 0.00031
25000f=----r-emeiien el
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20000} - - -+ :
15000f--- ----------------------------- -----
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L1000 R R
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After correction
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Spatial Resolution with respect to ¢ and 8

Before

0.24

Spatial Resolution with respect to ¢ and 5 (DCA > 5.0 mm)

considering the effect of ¢ a

nd S

o of residual [mm]

o
[*)
!

018_ ..........

0.161—

022_ ..........

Y| S, — A—— AU S— A—

i | o for §-25~15

| o for §-15~5
B o for § -5~5

Il o for §5~15
ofor § 15~25

| o for § 155~165
o for § 165~175

| I G for § 175~-175
| o for §-175~-165
|| B ofor§-165~155

0.1%0
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70 80 90 100 110 120

130
p [deg]

0.2

0.22

o of residual [mm]

o
[N
!

0.18

0.16|— e ..................... ..........

044 = S — A o

| o for § 155~165
|| o for § 165~175
i I o for § 175~-175
|| o for §-175~-165
{ | ofor§-165~155

After considering the effect of ¢ and S
4 : : : : : .

i | o for § -25~-15
|| o for§-15-5
| | otorg-5-5
Il o for §5~15

|| I ofor§15~25

0.1%0

70 80 90 100

Most of angles of spatial resolution improved.
But could not see the dependence of §§ clealy.
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Spatial Resolution vs DCA with respect to gE

“Spatial resolution vs Distance of Closest Approach” for each angle ¢

B o for ¢ -15~-5
. . . : : : : : B o for §-5~5
: : : : : : : : o for ¢ 5~
: , . . : : . for § 5~15
B Ly W G for § 15~25
0.25 i e poeeeeeeee P proeeeeees fr s 7 155~
: ; : : : ; LA : B o for ¢ 155~165
: : ' : : W for 165175
. : . : ; : : B o for § 175~-175
= : i ; : : : : : BB o for §-175~-165
e : : : : : o g B R o for §-165~-155

o of residual [mm]

0.2

0.15

O

0 1 2 3 4 5 6 7 8 9 10
DCA [mm]

* If tracks have large incident angle, the spatial resolution become bad.
« DCA >5.0 mm, resolutions change according to the incident angle.
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o of residual [mm]
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RECBE (Readout board for CDC)

TClEBelle ICDCHEBFFHAH LA — K
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v Yy
([ ——3  ASD ryoy [—>| DAQPC
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o of residual [mm]

Sigma of Residual wrt DCA (layer5~14)

o
HS)
©

e Top

o
N
(2}

| T

L : : : : : e Bottom
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F@)tota = \/F@)2 + @i + F@2+ F@)2 e
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residual (DCA0.5-1.0) layer5~14 residual (DCA1.0-1.5) layer5~14 residual (DCA1.5-2.0) layer5~14 residual (DCA2.0-2.5) layer5~14 residual (DCA2.5-3.0) layer5~14

residual (DCAQ.0-0.5) layer5~14
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residual (DCA0.0-0.5) layer5~14
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o of residual [mm]
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Sigma of Residual wrt DCA (layer5~14)
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o
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0+ O
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Sigma of Residual wrt DCA (layer5~14)

¥2 / ndf 58.17 /11
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dx = Drift Distance — DCA

1 1 1
N — 1 N — 1 : — 1
N tanf (0 < 1) N sinf (6 K 1) v Sin

p p

2)

f(x)ion = pPo Sin (arctan —

X

<arctan

{

dx

1/N,
DCA
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Hit Efficiency with respect to DCA (layer10)

& : : : :

8 — e Top (30, 50)
Q0 — : 5 : :

= S ! — : e Bottom (30, 50)
L B —e— 1 : : i :

':E 0.95 i PR """"""""""""""" """" l_+:',::E """""""""""""""

0.9 SR R SRR S

Y S — E— . —

e

0-75 | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ]
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Residual distribution of layer 10

fSingleHitLayTP+nOfSingleHitL MultiHitLay TP+nOfMultiHitLayBM<108&DCA<1088DCA>-10}

h

T[] S S — —

PPN W W T
IR T T S
00
IR S S S
SIS TN S W

P SRR WS SRRORNN SN SO &

Entries 800259
Mean 0.000273

0.5492

RMS

DY/ MR R S N— -

_I 1 1 I 1 11 I 1 11 I 11 1 I
% & 6 -4 2

2019/02/18

|
0 2 4 6 8 10

(OfSingleHitLay TP+nOfSingleHitLayBNM>24&&nOMultiHitLay TP+nOfMultiHitLayBM<108&DCA<108&DCA>-10}

h

Entries 800259
Mean 0.000273

RMS 0.5492

-10 -8 -6 -4 -2 0 2 4 6 8 10
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The Way to Check the Position of the Track <0ME4

Cosmic Ray should pass through
top side and bottom side of CDC.

\ 4
Compare:

(D Track reconstructed by top
@ Track reconstructed by bottom

Definition of Incident Angles
track 4 Y

¢ or Py,

track ?Y

Acor Ay

Angle in X-Y plane Angle in Y-Z plane

@ :
Zaxis:@ |
o
| (0, 0, 2p)
Ax = x¢ — Xp
....... L i | B2 = 20— 2
' Ap = ¢¢— Py
AL = A — Ay,

Bottom side

2019/02/18
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scintillator

Yy
* Distribution of X (Y=0). C) L.

Top side Xt : X position of tracks made from upper readout.

Bottom side | X}, : X position of tracks made from lower readout.

-{H_XalignTP H_XalignDF

Entries 220215
x2 / ndf 502.2/27
Constant 1.244e+04 + 3.754e+01
Mean -0.04595 + 0.00149
Sigma 0.6155 + 0.0013

entry

| Entries 220215 12000
I
H_XalignBM| /500

- e : - Entries 220215 -
N B ¥ S _— % N — 8000 Mean [mm]

0.045+0.01
" | Sigma [mm]
- ................. ......................... ........................ .................... ........................ 4000__ ........ ........... .......... ............ ...... 0 ,616i0.001

00— N

2000 }— - .............. ............ .............. .............. ..............

| _— L 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 L 1 11 0 Ll l [ I e i |
B0 200 100 0 100 200 300 o 8 6 -4 -2 0 2 4 6

* Mean of Ax is 0.0454+0.01(stat.)+0.03(syst.) mm
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 Distribution of incident angle ¢ (X-Y plane).

Top side ¢t : Incident angle of tracks made from upper readout.

Bottom side ¢b: Incident angle of tracks made from lower readout.

_ H_PHDFxy
; ; ; ; H—PHTPXy 6000, A _ _ SRR SR Entries 220215
4500 _ ..... .. 1. by .-ll ................. ¢ - ¢t ¢b 22 / ndf 004 /17

. | Entries 220215 :
: 14000 ...................................................................... ..................... Constant 1.539e+04 = 4.851e+01

4000_ ................... O ....... R I
g ¢t _' ¢b H_PHBMxy = TOp BOttOm Mean -0.009525 = 0.002534

1570 A — I — — R Ra— 12000 v e -------------------- Sigma 0.9593 = 0.0025

‘I ‘| Entries 220215 -
3000F- (S R _ NS — 000_ ........................ o Mean [mrad]

-0.009+0.002
| Sigma [mrad]
1800E- — 1o IO R GO0 e 0.959-+0.003

WT0]0 o) ........................ ........................ T R

entry
TTT
entry

2500 _. .............. ] , ......................... ........................ . ........................ x ........................ 8000

Y0 0] RURRRS S SRS S— S— ST A— -

1000 v — S — A— -

500 2000__ .................... . ....................... ....................... . ........................ ........................

E L1 T | L1 T N | L1 j L1 e i - L1 1] A L
93 1.4 15 16 17 18 1.9 ~15 -10 5 0 5 10 15
¢ [rad] A¢ [mrad]

* Mean of A¢gis -0.0091+0.002(stat.)£0.012(syst.) mrad.
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Comparison of the Position of the Z track _| scintiator

e Distributionofz(vy=0). | L) >

Top side Zt . 7 position of tracks made from upper readout.

Bottom side | Z}, : Z position of tracks made from lower readout. 4

_ H_ZalignDF

[ E O Entries 220215
A A | Zb Ertrios 220215 Az =z, — zy, 22/ ndf 1285 /37
.............. SN WO W - AU U O SO s s : ' Constant 9750 = 27.7

H_ZalignBM sooo— TOp.=.Bottom...[ .} Mean  -0.2751=0.0208
- L Sigma 8.832 + 0.019

SOV OPPSSUOUUIO: FOPOPPTTOUOURUIOS YOPOPPOPPTEr SO0 SOOVOOOOOPPSPOOOON SUSOPRROOPOTORE OO H—Za“gnTP 0000
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Z\ -
£ 3500
[0

3000

N S E—— i [ Mean [mm]

|-0.27+0.02
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8.831+0.02

2000 i T — T N—

5 Pog 5 o 5 : 6000
2000 .................. ....... ¥t RO ................... ..................

R O SNSRI SOOI SRS IO SOOI S
1500 f—eeeoee _." 8 4000

; d ; ; ; X ;
1000 —eeer .......... ... _ .................. _. ................... ................. ..................

L1 | 111 111 111 [ i L1 0‘| I
-200 0 200 400 600 800 -
Z [mm] AZ [mm]

11 I 1
~400

—%OOL ] —600I

* Mean of Az is -0.2740.02(stat.)+0.02(syst.) mm.
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Comparison of the Incident Angle A (Y-Z Plane)

* Distribution of incident angle A (Y-Z plane).

Top side

Bottom side

)lt : Incident angle of tracks made from upper readout.

lb : Incident angle of tracks made from lower readout.

H_LADFyz

F H LATPyz >
§4500:_ — y ?2000 AA _ A A T T o = 220215
° = Entries 220215 t b 42/ ndf 7637127

3500

3000

2500

2000

1500

1000

500

4000 = H— — SN 'R WA S ————

.............. .E,..4..4..4..t.e,n.d..to..b.e.,sll.o .

10000 _Top ........... Bottom ............... _ ................

8000 .................. ................. AN

6000 A— - B —

4000 |- S— - 8 —

o)
o [TTTT]
-

| Constant 1.167e+04 = 3.403e+01

Mean -1.078 = 0.036

i | sigma 14.56 = 0.03

Mean [mrad]

| -1.08+0.04

Sigma [mrad]

2000 — e 0 »

14.56+0.03

1 1 1 1 1 1 1 1 1 1 1 T I 1 1 1 Ll I ) D - ll } |
1.4 1.6 1.8 2 2.2 2.4 —%OO -150 -100 -50 0 50

A [rad]

100 150 200
A\ [mrad]

* Mean of Adis -1.08+0.04(stat.)+0.16(syst.) mrad.
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Confirmation from CDC Spatial Resolution

e Evaluate and confirm how “sigma” of Fit should be, by considering spatial resolution of cDC.

e " Y track
Estimation Condition ) c
Layer 18 £ I
1. Assume 18 layers are located side by side Layer 17 A
parallelly with 16 [mm] space, which is the same error
size as a cell. .
2. U tial luti btained f vsi Estimate errors (o)
. Use spatial resolution obtained from analysis as s of X and 7 in Y=0
y

errors of X and Z direction.
Layer 1 /

* Calculate errors (Y=0) for residual

" . o > X
among position of wires and a straight line. \V
-m * Thinking roughly about these errors,
A, 0.616+0.001 mm 0.539 mm 1.14 there are small differences.
0pp 0.959+0.003mrad  0.803mrad | 119 || . o5t can be said the width (o) of
Oy 8.83+0.02 mm 8.09 mm 1.09 Ax,Az, A¢p, AA are reasonable value
oy 14.56+0.03 mrad 12.05 mrad 1.21 considering spatial resolution of CDC.

2019/02/18 ICEPP Symposium Yugo Matsuda




Gravitational Wire Sag (Sense Wire)

* Gravitational Wire Sag of Sense Wire at the center of CDC (Z=0 mm).

- 1
= 100
=,
5 90
&
— 80
©
c
2 70
s
5 60
0 .
50
40
30
20
10 — . . . . . . . . .
0 : IllillllillllilIIIillllillllillllillllilIIIiIIII
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Sense Wire ID
e The wire sag of each wire is around 50 ~ 58 um.

Y wire / Track

55 um
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Wire Sag

Wire tension assurance

.........................................................................................................................................................

| Sense Wires in the 2nd Measurement | | Field Wires in the 2nd Measurement |
A E oo~ T 05 Eaool — 1205
= | w§ S |
- L soo:— o ' » E, soo— e 110 é
f 1 Jwg 400:_// N e 400: / 100
Resonant Frequency: =57 ' \
q Y 2L\ p’ 2o \ \ 2 moj 0\ (o
oi 1 50 01— g )
Nominal H /5 0 ] ™
Material = Diameter | Tension Sag ot / e ?\\ /
value 400l / 46 3 v / 70
F 44 F %
Sense | (Au-)W | 25 um 50¢g ~50 um ~600] . 600/ e / 50
. _m;'gé”:a%a*:%ﬁ\ﬁtfrg‘fm‘*‘%%‘*go%”aéa “© 'm;%‘ﬁ&‘*i&“i&f“éof’ R
Fleld Al 126 LI 80 g ~120 LI ) x [mm] ) x[mm]
L = 1477~1593 mm (b) Sag differences between a sense wire and surrounding field wires
L2 = 0 T
Gravitational Sag: 5§ = Ly 5 2060410 Diff. with left
Sw g 3 » Diff. with right
8 Diff. with left inner
. . 2 «  Diff. with inner
Criteria % - Diff. with right inner

¢ Sag for sense wire < 70 um
¢ Sag difference with neighbor wires < 100 um

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Sense Wire ID

After replacing bad wires, all the wires satisfy the criteria. 100

From Manabu Moritsu (KEK)
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Center of Residual (wire-by-wire)

Mean va

0.15

o
o

0.05

o

o
IIII|IIII|IIII|IIII|IIII|IIII

-0.05

Center of Residual [mm]

-0.15

©
o
2

o
i

0.05

o

o
IIII|IIII|IIII|IIII|IIII|IIII

-0.05

Center of Residual [mm]

©
o
o
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lue of wire-b

channel

100
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y-wire residual is corresponding to the wire position.

DCA Cut is applied.
DCA 2.0~6.5 [mm]

;Channel

1
1000

:Channel

0




. - Drift Length
Problem in fitting of XT Curve \ .
Distance of
e The previous way for fitting the XT Curve.
track Closest ApproacD

Fit function for the XT Curve

— 10
( E | XTof layer 10 o | 14
hO t < O ns ZE) 8: 5 5 T - e T i
t o | ' N
£(6) = 4 5%pol  Ons <t<360ns el i
linear 360 ns <t <700ns T o LA Entries 5493 |
| /A €<700ns | E TN veany 4281 | |

RMSx 1426 |
RMSy 2427

.......................................................

— F2_XT_10 |
: . " Pt N R ] Entries 5210 |:
Qb L AP0 PP 5 Mean x 177.8 |
- : RS : S i Meany - -4.057 |
B RMS x 145.4 |:
........................................ RMSy 2497 |
2 __ ...... :
O_ po e S L | |-| | || L | || | | | L | L | L | C
B 100 200 300 400 500 600 700
B driftTime [ns]
o J SRR < o AU R R
A u Just fit a 2D histogram with fit functions.
I - Fit line had been pulled inside of the XT and

not been in the center (red area) of the XT.
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Improvement of Fitting

e XT Curve is divided by each drift time. -> make DCA distributions for each of them.
e Fit each DCA distribution with gaussian and obtain the peak of it.

An example of DCA distribution = 10
\Q XTof layer10 | e —
DCA (drift time : 60~75 ns) < - : - I
> 45-— a 6 ...............................................................................................................................................
£ H ab N
Ll a0
355_ Db B
0 IS TR S RO S
e _ -2 ;_ ..... .............. ......... ()~360n5 ................. .................. .................. .................. ........
: | S Y A NG e
| ~ 6plots
155— _6 . ................... , ‘ ................. , ......... 360”700]‘]5 .......................
F g e — S
E :IIIIillIlilIlliIIIIiIIIIiIIIIiIIIIiII
st 100 200 300 400 500 600 700
‘E driftTime [ns]
/ DCA [mm]
: : Make XT Curve again by using only peak of the DCA.
Exclude the effect of inner entries * Then fit it again and apply this to the real XT.
from the gaussian fitting g PRy )
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Tracking Efficiency

* Checked how many events can be drawn the track.
* Mainly 3 types of tracks were found in the Cosmic Ray Data (total 52248 events).

[mm] Clear Event [mm] Accidental Hit m{ NOise or Crosstalk like Event
850~ * 850 850
//L o #of sHle1s | b fof SHLS<3 | )
I #ofMHLs<3 | T / #of MHLs<3 | |
700% ‘ L B 700% R ETE 700%
oy 650E st i) 650E 650E
A g g
soc; R ars soo; 600}
550? ;. i 5so§ ssoi
5002 b \ 5002 e e i 5002—
- Event#=83 -
-soozf ‘ R / - -500% -5002
_ss0[- N .; ' s _s50— _ss0f-
- _600f- _600f- “600f-
O C - C $
ﬁ -650|— -650|— -650|—
o c o o ’
o -7002 -7002 -7oo; ’
_7502 -7soi -750i ‘ .
_800: ; .\\‘° " SRR L —800; - .\"\'- 8 g g e g % A ,.,'// _BOG; S
[mr;:?lg;l" 200 -150 -100 -50 0| 50 100 150 200 25[om;:15-:‘|}50 200 150 100 50 0 50 100 150 200 250 ‘85-%;6‘ 200 150 100 50 § 50 100 150 200 250
Top : 29994 (57.4%) Top £ 4017 (7.7%)  [mml Top : 18237 (34.9%)
Bottom : 29952 (57.3%) Bottom : 4463 (8.5%) Bottom : 17833 (34.1%)

Total Number of Events = 52248 » About 57 % of events are available without P-Value cut.
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P-Value Cut Efficiency

e To pick up really clear events, P-Value cut is used for the analysis.

"~ Clear

M Noise, Crosstalk

" Accidental

M Clear w/ P-Value

™ Clear w/o P-Value
From these graphs, even though tracks look clear in the event display,

half of them are removed by P-Value cut of 3D tracking result.
Distribution of Prob Chi-square

Bottom

; 'I\E/Intries 502?22 E‘ Entries 52248
ean . +J Mean 0.1565
uCJ RMS  0.2911 LE RMS 02929
10* 10
Top Bottom
10° { 10° 5
§ ;
T it 5 i
LH f!JJ Lif mJJJ
1 i Ll 102 Sl 1T i N NPl Pyt
0 01 02 03 04 05 06 07 08 09 1_ .
Prob Chi-square

CRTRE 08 04 08 08 07 08 g i
e The P-Value Cut Efficiency is,

P Value Cut Events Top :42.23 % (12666 events)
Clear Events - Y = | Bottom : 42.19 % (12638 events)

P Value Cut Efficiency =

ICEPP Symposium Yugo Matsuda
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Z top [mm]

X VS Z

H_XvsZ_TP

(y =0 mm, top)

800 — Entr_ies 220215_

600
400

200

-200
-400

-600

_ . ' . i |
8(1%00 -200 -100 0 00 200 300

2019/02/18

X top [mm]

0

Z bottom [mm]

xvsz (y=0mm,

800 __ ..........

600 |
400

200 e : !

~200 -

400 N

—B600 |

H_XvsZ_BM

Entries 220215 R

%00
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1
200 300
X bottom [mm]
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Z top [mm]

x vs z (y = 1000 mm, top)

H_XvsZ_TP1000

800

.....| Entries 220215 |....
600

400

200

-200
-400

-600

II'I|III__|III-|II.I"-|I:I-I|I'I11LII.|III-|I-

o
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o
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| H
-
o=
o
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r

o

o

_8(1%||1'-Ii'|.|'||.|'|1.|'|i||.|.'
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Il
200 300

X top [mm]

Z bottom [mm]

x vs z (y = 1000 mm, bottom)

H_XvsZ_BM1000

800 f—#1emee Entr_ies 220215_ ;....'

400§

200

-200
-400

-600

600 .- )

80955

100 o0 100 200 300
X bottom [mm]
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Z top [mm]

x vs z (y =-1200 mm, top)

H_XvsZ_TP-1200

Entries 220215

IR T
LT L O

2019/02/18

200 300
X top [mm]

10

0

x vs z (y =-1200 mm,

-200F

-400

-600

—SQ% .

H_XvsZ_BM-1200

bottom)

200 300
X bottom [mm]
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AZ [mm]

Ax vs Az

H_PHDFvsRAMDF

H_XDFvsZDF
Entries_ 2202_1 5

EF-Ill-illlzlll

-

il’llillli

TP AN LR,

Entries 220215
" :

Iidlilll1.T

8 6 -4

ITI-IITiI-I-h-jIIIiIII-iII-
4 6

8 10

iIII O

2

-2 0

‘6910

8 6 -4

2019/02/18

-2
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8 10

AX [mm] A¢ [mrad]
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A¢ [mrad]

-
(&)

—
o

o

i
L
:...‘{.

i

LG
:.. ?:..i_ :-P:'_
v

H_XDFvsPHDF
" Entries 220215

1000
_: : -
M 800
Spns s
R & g i R 600

1
ik

—400

2019/02/18

150 -

A [mrad]

< 100

50

-50

-100

H_ZDFvsRAMDF

-150 ||-|'Ii||||i|||-..|-r|-:||'.|-i||-||i'|||-|-i'|'||-|i|-||-:-i|-|-||i-|=-|| 0
-50 -40 -30 -20 -10 0 10 20 30 40 50
AZ [mm]
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¢ top [rad]

1.9

1.8

1.7

1.6

1.5

1.4

H_XTPvsPHTP = 19
o
B Entrles 220215 g
B : ‘ 5
S 46 18
= Ko
= <
I 17
I - 50 1.6
i : 40
e |||§ . 1.5
B 1 1 30
- il 20
. S 1.4
B 10
1 : 1 II 1 1 1 I 1 1 1 1 0
;%OO -200 -100 0 100 200 300
X top [mm]
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xvs® (y=0mm, top)

x vs ¢ (y=0mm, bottom)

H_XBMvsPHBM

Entries 220215

rllll

1.3 05—

00

200
X bottom [mm]

-200 -100 0
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A top [rad]

zvs A (y =0 mm, top) zvs A (y =0 mm, bottom)

2.4 H_ZTPvsRAMTP
I_Entries _22021 5 _

2.4 H_ZBMvsRAMBM : : : : : 35
- Entries 220215 | = = : : ;

35

2.2

[\b]
N
!
A bottom [rad]

1.8

1.6

1.4

II|III|III.JI'II|_II'I|I

1.2

—_

0.% 1 :Illi 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 il 0 0. _I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1" 1 I 1 11 il O
"800 600 400 -200 O 200 400 600 800 800 600 400 200 0 200 400 600 800

Z top [mm] Z bottom [mm)]

Track

Light guide PMT
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Ax Vs Xgpe (¥ =0 mm)

Ax VS Zgype (¥ =0 mm)
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Zav [mm]

Az vs Zgye (¥ =0 mm)
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diff of mean of Ax due to binning and fit range

Binning Obin

run203225 lteration=4 : AX (y=0)

> 1000 H_XalignDF
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run203225 lteration=4 : AX (y=0)
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diff of mean of Az due to binning and fit range

Binning Obin

run203225 lteration=4 : AZ (y=0) run203225 Iteration=4 : AZ (y=0) run203225 lteration=4 : AZ (y=0)
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diff of mean of A¢ due to binning and fit range

Binning Opin

run203225 lteration=4 : A¢p X-Y plane run203225 Iteration=4 : Ap X-Y plane
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diff of mean of AA due to binning and fit range

Binning Obin

run203225 lteration=4 : A\ Y-Z plane

run203225 lteration=4 : A\ Y-Z plane
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Analysis of CRT — Tracking

* The way to get drift time and drift distance.

* Get TO value (basement time)

e
f(t)=po+p, 7 (byBellell)

Drift Distance

First Tracking

by fitting the tdc distribution with function: ||| *Create XT Curve (DCA vs Drift Time) from the
p, (t—p3) result of Garfield simulation.

—— Get the Drift Distance from Drift Time.

Drift Distance

DCA =
Track Distance of
Closest Approach

1+e
-> able to fit more correct than gaussian.

1200

entry

1000

Second and more Tracking
e Use the XT Curve which is created in the
Drift Time = tdc - trigger timing - TO last tracking result.
-> Get Drift Distance from Drift Time
-> |terate this process

-510

800

DCA [m
[

to improve the XT Curve and tracking.
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Analysis of CRT — Tracking Reconstruction

* To improve XT curve and Tracking, select appropriate hits.

1. Chose 1 layer and suspect this layer makes the tracking bad.

2. Select appropriate hit and cut others. .
Multi hits
Iteration Should be improved ~\ A
3. Make XT curve from appropriate hits. \:
4. Draw new track and improve XT curve from this tracking result.
850 e .
Y e .- oo
750 E_ ................ 3 AAAAAAAAAAA 550 Foo
700 f ............ N _600
650 i_ .................. . Alnalis _650
600 f_‘, B _700
550 [ g | -750
500 %/// 4% -800 _
as0 b e -850 .
-250-200-150-100 -50 0 50 100 150 200 250 [mm] 250 200 150 100 50 0O 50 100 150 200 250 [mm]

Tracking result of top side and bottom side of CDC
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