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1. Introduction
* COMET (Phase-l) experiment
- COMET CDC

2. Cosmic Ray Test & Analysis
= Setup of Cosmic Ray Test
* Tracking
= XT Curve (Drift Distance vs Drift Time)
- Spatial Resolution

3. The way of Alignment Analysis
* Comparison between top and bottom

4. Summary
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Introduction — COMET Experiment (Phase-I) <OME#

* The COMET Phase-l experiment is seeking to measure the neutrinoless,
coherent transition of a muon to an electron (4 — e conversion)
in the field of an aluminium nucleus, u”N = e™N, W

with a single event sensitivity of 3x10~1°. .0

* The u — e conversion is one of the charged Lepton Family Violation (cLFV) processes.
The cLFV is definitely prohibited in the Standard Model ( BR (u — ey) ~107°%).

* The COMET experiment will be built and started in the Hadron Hall at J-PARK in 2019.

detector for Muon transport Pion production

-6 conversion \ / Other Experiments related to cLFV

* MEG Experiment at PSI
ut > ety (BR < 4.2x10713)90cC.L

 SINDRUM II Experiment at PSI
p"Au - e Au (BR < 7x10713)90C.L

COMET Phase-l Layout
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Introduction — COMET CDC

* The Cylindrical Drift Chamber (CDC) is the main detector for 1 B
the u — e conversion conversion search in COMET Phase-l.

Requirements of CDC

* Momentum resolution of CDC must be less than 200 keV/c.
(for the 105 MeV electrons)

e Spatial resolution should be less than 200 pum.
(for the two gas mixtures at 1 T magnetic field)

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

Back Ground (DIO): u~ + Al > e™ + Ve + v, + Al
Signal and DIO (BR=3 x 10™"°)
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Introduction — COMET CDC

Status of CDC

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

* Wire (2 types)

R L

Sense Au plated W 4986 25 um
Field Al 14562 126 um
* Gas & Magnetic Field

He: 1 —C4 H10 = 90 10 1T
Ground
o—©@
+HV The size of 1 cell
® ® I 16mm X 16.8mm
8 mm
o—0—0

8.4 mm

wire
Inside of CDC
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Analysis of Cosmic Ray Test <0ME#

Analysis of Cosmic Ray Test for CDC
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Analysis of CRT — Setup for Cosmic Ray Test OMET

* The Cosmic Ray Test for the CDC is now ongoing at Fuji building B4 in KEK.

—
\ * Applied HV

. 1825V
T d
op side e @Gasratio

He:i _C4_ HlO = 90 10
» Trigger

o Coincidence signal of S1 and S2
S|nC|”at0r CDC Readout Board ° Trigger Rate

S1 XS2=0.03 Hz
* Magnetic Field

_ not applied
Bottomside . neasurement time & Events
/ 427.5 hours & 52298 events

XT relation (relation between drift length and drift time ).
Spatial resolution -> should be less than 200 pum.
* Hit Efficiency -> should be enough high.

pReadout board
(RECBE) * Alignment -> Track difference between top and bottom.
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Analysis of CRT — Setup for Cosmic Ray Test

* The Cosmic Ray Test for the CDC is now ongoing at Fuji building B4 in KEK.

. /

* Applied HV
1825V
* Gasratio
He:1-C4, Hy{y = 90:10
» Trigger
Coincidence signal of S1 and S2
e Trigger Rate
S1 XS2=0.03 Hz
* Magnetic Field
not applied
* Measurement time & Events
427.5 hours & 52298 events

Evaluation
e XT relation

e Spatial resolution
* Hit Efficiency

e Alignment
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Drift Time

Get TO value (basement time)
by fitting the tdc distribution with function:

f(t)=p0+p1

Analysis of CRT — Tracking

The way to get drift time and drift distance.

P2 (t_Pa)
—p2) (by Belle II)
l+e

-> able to fit more correct than gausian.

Drift Time =tdc - TO

entry

TR PR T TR S S T RO !
-100 -80 —-60 -40 —20 0

TO tdc [1.04 ns/bin]

2018/02/19
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Drift Distance

Sense wire

Drift Distance

DCA = Distance of Closest Approac

First Tracking

*Create XT Curve (DCA vs Drift Time) from the
result of Garfield simulation.

Get the Drift Distance from Drift Time.

Second and more Tracking
Use the XT Curve which is created in the
last tracking result.

-> Get Drift Distance from Drift Time

-> |terate this process

prove the XT Curve and trackz(i)ng.

DCA [mm

| | | |
® o A N O N A O
TT[TTT[TTT[TITT TTTTTT

o
o
T




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.
PRTOP Multi hits— %

Iteration

Should i o
3. Make XT curve from appropriate hits. ot ImpTove \i)

4. Draw new track and improve XT curve from this tracking result.

[mm]

[mm]
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750: ..... ..Q """"""""""""""""
Eo e C SRR R T T e £ ; il e e e MR R R | R
. LT 2 B P T v - .y "N
700 |~ e E BN LN R -600 |- PP RRRREE Rt s e 0 13 B T L MR G4
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Tracking result of top side and bottom side of CDC
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Analysis of CRT — Tracking confirmation

* To confirm the tracking result is good or not, check the XT Curve and fitting of it.

Hit condition for XT Curve Fitting function for XT Curve

« Prob y2 >0.05 (0 t < 0ns

* # of single hit layers > 16 5thpol  Ons <t< 360ns
e # of multi hit layers < 1 ft) =+ linear 360 ns <t < 700ns
- |DCA| <10 \ N/A t <700 ns

e XT Curve for all layer (After 4 iterations)

20

£ 10 . : - :
E .
< 8f Bottom side 18
8 - : H -_ - : ) '- H
6 : HXT_al | :_ ................. A XT3l ........ 16
P Entries 35655 | S Entries 42377 | »
Mean x 188.8 | - : Mean x 192 |
2 .......................................... Meany 4217 __ . ......... Meany 4'209 . ........ 12
RMSx  149.8 | - IRmMsx 1488
......................................... RMSy _ 249 - i |RMSy _pazali |ELl
0 ’ 2 XT all | - H2 XT_all |
E A I N _|Enties 36515 SR i R PR W [Entries 41667 | 8
B ¢ - | Mean x 184 | o Mean x 187.1|
________________ Meany -4.188| C L s Meany 44781 | o
4 “IRMSx 1415 R | RMSx 1403
S S RMSy 2446 . - RMSy 24511 . 4
-8 :_ ......................................... i ; :_” ‘,’E. 2
_10:I 1 I | II -I- I II 111 I-I Lo I I 1 I- 11 I 1111 I | T | I 1 I O _1O_I L I L I-I L I-I — I L I — I S I — I S I S I-I L
0 100 200 300 400 500 600 _ 700 ¢ 100 200 300 400 500 60O 700

driftTime [ns] driftTime [ns]
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H_XT_all
Entries 35655
Mean x

X 149.8
RMSy 2.49
H2_XT_all
Entries 36515 |:
.| Mean x 184
Meany -4.188
RMS x 141.5
RMSy

2.446

0 100

200

300 400 500 600 700

2018/02/19

driftTime [ns]
* As aresult, this fitting problem leads to
spatial resolution and tracking result.
* There is room for improvement.
Plan : 1. pick up the peak of XT distribution and fit again. -> Back up

2. separate 0~100 ns area and use another fitting function.
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Analysis of CRT — Spatial Resolution

* Evaluate the special resolution of top & bottom side of CDC with residual.

Residual = Drift Length - | DCA |

/. Drift Length

DCA

e By fitting the residual distribution with gausian,
get o and define it as a kind of spatial resolution.

Oresidual = spatial resolution + tracking error

DCA = Distance of Closest Approach
Residual distribution
: ) S Bottom side
After 4 iterations O >1Y _

H_ResidualTP_all i i . . . H_ResidualBM_all
- mr [ Entries 183933 : : : : [ Entries 201105
5 ; ; ] | Mean -0.007275 | Mean 0.000999
| RMS 0.4365 | RVS 0.4228
| 72/t 1807147 | 5000 | w2/t 2746147

entry

T
5000 6000 : : : z

Cut condition for Residual

¢ | Constant 5362 = 19.1

e |
+ Prob x? > 0.05 I el T B T |
e Hof Sing|e hit |ayers > 16 ................. .............. ................. ................. ................. 5 : : 5 5 5 5
e # of multi hit Iayers <1 3000 W
+ |DCA| <10 B g L T VR PRSI T N ¥ wong N YR NN N N

1000+ Tt ._ ............... ................. ._ ................. 1000

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 92 -15 -1 -0.5 0 0.5 1 1.5 2
residual [mm] residual [mm]
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Analysis of CRT — Spatial Resolution

* Evaluate the spatial resolution for each layer.

Y7
OMEI

Sigma of Residual Sigma of residual for each layer of top & bottom side

= 0.32—

Top side of CDC o
Bottom side of CDC @

o
w
I

o
)
[5)
[
——

G_Spatial

e Top

® Bottom

Spatial Resolution [mm

¢ o
N
[e2)
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0.22f — — ot + ...... #i ...... g s =

0.2F — A S S W S T— -
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* Oresidual Of all layers are higher than the requirement (200 um).
However in different Setup, Gresidual is lower than 200 um (already tested).
-> this is because of fitting problem.
-> cannot move on to the next alignment analysis so far...
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The way of Alignment Analysis

* One cosmic track should pass through 2 sectors (top and bottom).
* I'm planning to compare these 2 tracks and check the performance and alignment.

Top side coordinates Bottom side coordinates
Xit, Vit XY positon of top area by top readout track Xpb, Vbb : Same definition
Xtb, Vip - XY position of bottom area by top readout track Xpt Vot : Same definition
0, : incident angle of track by top readout track Oy, : Same definition
Y Y 0 1Y
A :

A

Xtt, Vit Top side

Xbt» Vbt

Evaluate these values

Ax¢ = Xer — Xpt

Bottom side Ayt = Yt — Yot

Xbb»
bb Ybb Axp = Xtbp — Xbb
AYp = Ytb — Ybb
AG = 6, — 6},
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Next Plan

* Continue to analyze the data.
-> must modify the fitting problem.

* Combine both top side & bottom side data
and analyze the it again (Alignment).
-> |s the track from top side and bottom side
really the same track? (some error?) b=
-> How about the wire position error?

» Use larger trigger scintillator and
more readout boards.
Take data from broader region.
-> already moved CDC to new cradle.
-> can put large scintillator on it.
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Ssummary <OMEf

1. Introduction
* COMET (Phase-l) experiment is searching for u e conversion .
* COMET CDC is the main detector for COMET phase-I.

2. Cosmic Ray Test & Analysis
* Cosmic Ray Test for CDC is ongoing at KEK.
= Cosmic Ray Test evaluates the performance of CDC.
 There is fitting problem in XT curve.
- Spatial Resolution is still not good due to the fit.
-> must modify

3. The way of Alignment Analysis
- Compare two tracks between top and bottom.
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Back Up ‘OMEf

Back Up
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Analysis of CRT — improvement of XT curve

* The way of modification for XT curve.

Refer to Okinaka-san (Osaka Univ.) In my setup

XT j] 7\‘@ ﬂ% &b jj— XT curve of layer 10
7 —_
£ 10: -
E s —
S
» _7\‘ p— S 6 [
4&~/ F%#F |\ U 7 |\ H%FEﬁ [ (\:_ L\_ DCA%E%VFEZO e E
RN HE A O pfiE>0.05 HIRTAYTAVTOE—VEZRD D, ac
t w |\ 75§1/) U)J}G) l/ /f ,v _#5(2 15 . DCA(driftTime300~310ns) for layer10 iteration3 o XT for layer10 for run171-173 2;
by bEEBHB LAY BT §,, = i R — oF
° T oumim 8 OF e =
XTﬁ*ﬁo) e V4 I~ %14: 2002 ‘ Same 02004 » 00043 ; -2 ;
FARLAY—LTDEY b , -4
LAY —EChRENRIDEY b7 | e
| N U0 O s
o 2 4 6 g o ok -8—
XT Curve for testlayer 10 0 100 200 300 400 500 Z?,(f)t . "Zeo[?] g = | ‘ ‘ ‘ ‘ ‘ ‘
E“" L o - . XT for layer10 for run171-173 -100=5 100 200 300 400 500 600 700
i P s ) 2 ] driftTime [ns]
“ = ,~, SEE% Sef
2f P 7 e £ 1
: . 74T A2 TR o mrs Less events -> cannot fit well
e 0. t<Ons 2 gy
;: * _ SREEE .. Ons <t <Tg oK 1 x:“dr Toeris 7
) FO =\ Tkm 1< <700ms | 2 P e
) N/A ... 700ns < t :‘;; Ld 171220
m‘ﬁﬁoﬁﬁ:z?] o T -~
1% 700 200 300 400 500 (ejchig ng[c'zsl U se a I I Iaye IS
2018/2/13 2017 £ KRAFAFRBEFHARE BLHAHERS Collect enough events

(try to do it now)
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Analysis of CRT — Hit Efficiency

Hit efficiency Event selection

« Prob y? >0.05
e # of single hit layers > 16
# of events which are selected e #of multi hitlayers <1

run203225 lteration=4 : Hit Efficiency

# of events which has hit (residual<3o)

Hit efficiency =

—

R T R T A
0.99_ ............... ............... ............... ............... ............... ............... .......

Hit Efficiency

9B o ToB

0.97 _ ............... ,. .............. ,‘.\, ............... ............... ,, ., ............... ....... e Bottom

096 _ ........................................................................................................................... .......

0.95 _ ...... SRUUTOL. SURNN, OV SRR :' ...... T SUUOR ISV RO [SURU: AU S 0

094 _ .................... Tt b P e e [ ey &

0.93 _ .................... ............ R ............... .............. oo Lo

0.92F T

03NS SRR SSRNSENS SNSRRS SUNSHNS NPUNSAN W TN —

09 | | 1 1 1 | 11 | | 11 | | 1 1 1 | 11 | | 11 | | 1 1 1 | 1 1 | | 11 | | |
' 0 2 4 6 8 10 12 14 16 18
Layer
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Analysis of CRT — tail of residual distribution

Positron drift lines from a wire

= H—ReSIdualTP—a" Cell: CometCdcTest02 with 1800V and OT (25um, 130um)
..E | : : : Entries 183933 'g' Gas: iC,Hy, 10%, ‘1-'1e 90%, T=300K,p=1 atm _ sochron intervl: 005 [usec] .
© 5000~ " Mean -0.007275 S,
- ' - | RMS 0.4365 2T MR A
i | 2ot 1807 /47 T ool
O S S | -{ Constant 4665 = 17.5 JREECN
- : : " | Mean  -0.06877 x 0.00075 04r ST
- Sigma 0.2442 = 0.0008 ol SN\
3000 s ‘, . .................
2000 .......................................................................................................................... l il e
1000 |- ........................................................................................ sl ; ;
0_ I T 111 I ) | I ) | ) | I L1l | g g Ii S N . -QA ..Do
2 45 1 05 0 o0 VA X-Axis [em]
residual [mm]
Gas Xo(m) W(eV) dEM"/dx (keV/em) TP (em™!) nMIP (cm™?)
He—iC,H,(85/15) 954 38 114 40 8 ‘ . .
| He—iC4H;0(90/10) 1310 39 0.88 29 (14) | e () ()e .
He—iCiHio(95/5) 2102 40 061 19 <7 Near the sense wire
He—CyHg(50/50) 630 32 1.63 60 27
He—CH,(73/27) 2166 39 147 17 11 eQ DCAQF
He—CH,(80/20) 3073 40 047 13 8 ‘ —> . _
; ; . . DCA < Drift Length
TABLE 2.2: Comparison of different Helium-based low-Z gas mixtures, e . b
. o ; Drift
where X, is the radiation length, W is mean energy to generate one
electron-ion pair, dEM" /dz, n}''", and n)''" mean is energy loss per length

ions per cm for minimum ionizing particles, respectively.

cm, the number of electron-ion pairs per cm, and the number of primary ‘ e Q ‘ (l)e‘
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Analysis of Cosmic Ray Test for CDC

In the stage 2 of Cosmic Ray Test,
stared taking data and finished in the new SETUP
Totally use 12+1 RECBE boards.

e

6 RECBEs -> Top, 6 RECBEs -> Bottom, 1 is used for trigger -
* One of the small trigger scintillator S1 is located on the top of CDC.

i
N g0 ,,

N g1
P #20
e 19
e 18
. 17

Top side

CDC .
Bottom side Also covered with
Al foil to shield.
e #11 ‘ .
_zg \ & Condition
o 15 We took take data with only @1825V | HV =1825V
~— because trigger rate was so small and | Trigger = S1&S2
s time was limited. Trigger rate = 0.03 Hz

mm) |+ As the first step, start to analyze the top & bottom side of CDC separately.
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XT Curve for each layer (top
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XT Curve for each layer (bottom

H_XT1 H_XT2 H_XT3 H_XT4 H_XT5 H_XT6
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Y7
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Prob Chi square for all layers (top & bottom)

Bottom side
run203225 lteration=4 : Prob Chi-square
H_ProbChisq_all
i f : : : : : i Entries 940464

“1 Mean 0.1181
RMS 0.251

run203225 lteration=4 : Prob Chi-square
H_ProbChisg_all

‘ il Entries 940464
“{Mean 0.08975
RMS  0.2204

entry

SO O OO N U SN SO (OO OSSO S
03 04 05 06 07 08 09 1
Prob Chi-square

0 01 02

Ly pdog g g b g g g dogope g g dogopep g deopeopeopepebespopeopeopeoespepeg oo oo ges
03 04 05 06 07 08 09 1
Prob Chi-square

0 0.1 02
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Prob Chi square for each layer (top

Y7
OMEI

1un203225 Layert : Prob Chi-square 1un203225 Layer2 : Prob Chi-square 1un203225 Layer3 : Prob Chi-square

1un203225 Layeré : Prob Chi-square 1un203225 Layers : Prob Chi-square 1un203225 Layers : Prob Chi-square

e
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Prob Chi-square Prob Chi-square Prob Chi-square Prob Chisquare Prob Chi-square Prob Chi-square
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Prob Chi square for each layer (bottom

run203225 Layer6 : Prob Chi-square
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Chi square for each layer (top
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Chi square for each layer (bottom
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Residual for each layer (top
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Residual for each layer (bottom
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