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Figure 33.2: Mean energy loss rate in liquid (bubble chamber) hydrogen, gaseous
helium, carbon, aluminum, iron, tin, and lead. Radiative effects, relevant for

muons and pions, are not included. These become significant for muons in iron for
B~ 2 1000, and at lower momenta for muons in higher-Z absorbers. See Fig. 33.23.

PDG 2018 Review of Paicle Physics,” http://pdg.1bl.gov/2019/reviews/contents_sports.html
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f (X)mml /i (X)lon +f (x)dlf +f (x) +f (x)tmck

Before
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DCAZ & DResidual%s

run000379 ltr=4

entry

entry

entry

entry

entry

entry

H_RESwrtDCA[1]

Entries 76638
Mean 02733
RMS 0.5998
o« / ndf 115.4/27
Constant 4775+6.5
Mean -0.03789 = 0.00298
Sigma, 02136 = 00041

r
residual [mm]

: residual(DCA1.5-2.0) layer5~14

H_RESWHDCATA]
Entries 76997
0.06643

RMS 03572
o« / ndf 63.05/27
Constant 779.3 8.7
Mean -0.02524 + 0.00154
Sigma 0.1512 = 0.0015

run000379 ltr=

: residual(DCA3.0-:

residual [mm]

5) layer5~14

H_RESWIDCA[7]
1000 = B ) e =
- . . . . Mean 0.02345
o . . . + | Rvs 0.2954
00— - ssan - %2/ ndf 90.67 /27
I~ . . . Constant 920.2+9.7
- . . . -0.01814 = 0.00123
o . . . Si 0.1351+0.0011
soof— RS AU AN A SR 11
00— S .-
200 [ .
o 1 1
o = =
residual fmm]
run000379 Itr=4 : residual(DCA4.5-5.0) layer5~14
. H_RESWIDCA[T0]
L . . . Entries 7173
- . . . Mean 0007674
- . : : RMS 031
800 ... - %2 1 ndf 64.23 /27
L . Constant 928.6 9.8
o . Mean -0.02024 = 0.00122
s ceees - 00011 }
00— T
200 == D] .

residual [mm]

: residual(DCA6.0-6.5) layer5~14

H_RESWIDCA[T3)

Entries 77533

002947
RMS 0.3202
o« / ndf 66.16 /27
Constant 826.4 9.0
Mean -0.0138 = 0.0015
Sigma 0.1558 = 0.0015

3
residual [mm]

.0) layer5~14

H_RESWIDCA[16)

Entries 17429
Mean -0.09285
RMS 0.2925
%/ ndf 54.18/27
Constant 604.1+6.9

-0.1107 = 0.0031
Sigma 0.2402 = 0.0045

5
residual [mm]

entry

entry

entry

entry

entry

entry

run000379 Itr=4 : residual(DCAO0.5-1.

Constant
Mean
Sigma

0.09468
0.5055
7457127
591.3+7.3
-0.1102 = 0.0021
0.1788 = 0.0024

-
resigual [mm]

run000379 Itr=4 : residual(DCA2.0-2.5) layer5~14
T _RESWADCA[S
900 o Entries 17157
Mean 0.05681
00— RMS 0.3245
¥/ ndf 104.3/27
700 = Constant 8475+9.3
-0.009764 = 0.001350
600~ Sigma 0.1458 = 0.0013
500 ==
400~
300~
200 =
100 =
: s
residual [mm]
run000379 Itr=4 : residual(DCA3.5-4.0) layer5~14
H_RESwrtDCA|8]
Tooop= Entries 77100
o Mean 0.01411
o RMS 0.2969
00— 2 1 ndf 78.75127
- Constant 925.2+9.7
- -0.02206 = 0.00124
500 :- Slgma 0. 1955'8_ 0.0011
400
200 = -
) residual [mm]
run000379 Itr=4 : residual(DCA5.0-5.5) layer5~14
J— H_RESWIDCA[T1]
- Entries. 17241
[ Mean 001886
- RMS 0.2964
8OO fprmem ¥ I ndf 85.28 /27
o Constant 886.4£9.5
o Mean -0.01211+0.00131
ool Sigma 01457 = 0.0013
00— .- .
200f—= .
o 1 1
0! 2 g
residual [mm]

m
2|
@
3

Constant

Sigma

17503
0.03482
0.3338

200f=
100f=
= s
residual [mm]
5) layer5~14
- H_RESWIDCA[17]
o Entries 8642
So0fm = = = -0.02662
o 0.3461
o 36.62/27
00— = = 4635 =6.3
o 0.1038 = 0.0034
E 0.235 = 0.005
Q0= cccapecncapeccncecccsfefecanecnsageccnagqenans
200 = = =
100ff=» -+ -

r
residual [mm]

entry

entry

entry

entry

entry

entry

run000379 Itr=4 : residual(DCA1.0-1.5) layer5~14

H_RESwrtDCA[3]

1000|

80|

60|

400

200)

Entries. 17077
Mean 007611
RMS 0.4228
¥/ ndf 68.37 /27
Constant 689.8+7.8
Mean -0.06491=0.00191
Sigma 0.1617 = 0.0017
..... [
. L
2 3
residual [mm]

run000379 Itr=4 : residual(DCA2.5-3.
o M 004312
- RMS 0.3058
— ¥/ ndf 118.3/27
o Constant 893.3+95
" -0.01099 = 0.00130
- Sigma 0.137 = 0.001

1
3

residual [mm]

Constant

Sigma_

17309
0.00982

0.296

85.21/27
941.2+98
-0.02311+0.00123
0.1367 + 0.0011

90|

W
residual [mm]

run000379 Itr=4 : residual(DCA5.5-6.0) layer5~14

H_RESwrtDCA[12]

+"| Entries

0012

200)

100)

17629

0.023

0.3189

¥% I ndf 190.8 /27
Constant 565.4 + 7.0
-0.06409 = 0.00289

Sigma 0.2045 = 0.0034

resigual [mm]

220)
200)
180)
160

Constant

Sigma_

-0.08998
0.3736

14.11/27
217543
~0.02561= 0.00431
0.1958 = 0.0048

W
residual [mm]
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DCA : 0~4mm

run000379 Itr=4 : residual(DCAO0.0-0.5) layer5~14

H_RESWIDGA[1]

g F . . Entries 16638
10| S IR + | Mean 0.2527
[ . . RMS 0.5476
- . . %2/ ndf 116.4 /27
400f== = = "= = === " aaaaw Constant 4775 +6.5
C . . . Mean  -0.03789 = 0.00298
L . . . Sigma 0.2136 + 0.0041
300 -— = = = o'u u =u == s = = = LY | B L
200f== == stn = = unn . - DRI LI
100 e e N - veeean weean
L 1 1 ol N
0 =2 = 0 1 2
Residual [mm]
run000379 Itr=4 : residual(DCA2.0-2.5) layer5~14
-~ H_RESwrtDCA[5]
£ E Entries 17157
00 =
"Ep - Mean 0.052
800~ RMS 0.3
F x2 / ndf 104.3/27
700 Constant 8475+9.3
3 Mean  -0.009764 = 0.001350
600~ Sigma 0.1458 + 0.0013
500 HE aeeen
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run000379 Itr=4 : residual(DCA0.5-1.0) layer5~14

H_RESWHDCAZ]

Entries 16929
Mean 0.08115
RMS 0.4618
%2 / ndf 7457127
Constant 591.3+7.3

-0.1102 = 0.0021
0.1788 + 0.0024

Mean
Sigma
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2
Residual [mm]

run000379 Itr=4 : residual(DCA2.5-3.0) layer5~14
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H_RESwrtDCAI6]

Entries 16942
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run000379 ltr=4 : residual(DCA1.0-1.5) layer5~14
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H_RESwrtDCA[3]

Entries 17077
Mean 0.06802
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2/ ndf 68.37 /27
Constant 689.8 +7.8
Mean -0.06491+0.00191
Sigma 0.1617 + 0.0017
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run000379 ltr=4 : residual(DCA3.0-3.5) layer5~14

" = m EEEEEEEE e S E s .

IRIRDVAH I A fit

H_RESwrtDCA[7]

N . . Entries 16963
s . . Mean 0.0196
L . . RMS 0.2669
EERE I R = === | %2 /ndf 90.67 /27
B . . Constant 920.2+9.7
[ . . : Mean  -0.01814 =0.00123
- . . . Sigma 0.1351+ 0.0011
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run000379 ltr=4 : residual(DCA1

.5-2.0) layer5~14
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H_RESwrtDCA[4]
Entries 16997
Mean 0.05979
RMS 0.326
x2 / ndf 63.05/27
Constant 779.3 = 8.7
Mean -0.02524 + 0.00154
Sigma 0.1512 + 0.0015
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[ s
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2
Residual [mm]

4 : residual(DCA3.5-4.0) layer5~14

H_RESwrtDCA[8]
Entries 17100
Mean 0.01317
RMS 0.2612
%2 / ndf 78.75/ 27
Constant 9252+ 9.7
Mean -0.02206 = 0.00124
Sigma 0.1368 = 0.0011
LT i
. .

. .
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Residual [mm]

ZHEH68% Confidence Interval



V4

<

L

5 68%+F X [A]

\-‘

DCA : 4~9mm

run000379 ltr=4 : residual(DCA4.0-4.5) layer5~14

600

H_RESwrtDCA[9]

Entries 17309
Mean 0.008958
RMS 0.2474
x2 1 ndf 85.21/27
Constant 941.2+9.8
Mean -0.02311+ 0.00123
Sigma 0.1367 + 0.0011

2
Residual [mm]

run000379 ltr=4 : residual(DCA6.0-6.5) layer5~14
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H_RESwrtDCA[13]

Entries 17533
Mean 0.03496
RMS 0.2881
%2 I ndf 66.16 /27
Constant 826.4 = 9.0

-0.0138 = 0.0015
0.1558 + 0.0015

Mean
Sigma

2
Residual [mm]

run000379 ltr=4 : residual(DCA8.0-8.5) layer5~14

H_RESwrtDCA[17]

Entries 18642
Mean -0.02179
RMS 0.3215
%2 I ndf 36.62 /27
Constant 463.5 + 6.3

0.1038 + 0.0034
0.235 + 0.005

Mean
Sigma
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run000379 Itr=4 : residual(DCA4.5-5.0) layer5~14
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run000379 ltr=4 : residual(DCA6.5-7.0) layer5~14

H_RESwrtDCA[10]
Entries 17173
Mean 0.00995
RMS 0.257
»2 / ndf 64.23/27
Constant 928.6 +9.8
Mean -0.02024 + 0.00122
Sigma 0.1375 + 0.0011
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Residual [mm]
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H_RESwrtDCA[14]
Entries 17503
Mean 0.04116
RMS 0.3001
»2 I ndf 29.13/27
Constant 761+ 8.4
Mean -0.04214 + 0.00169
Sigma 0.1539 + 0.0015

400

2
Residual [mm]

run000379 ltr=4 : residual(DCA8.5-9.0) layer5~14
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200F ---|Rus 0.2809
2
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run000379 Itr=4 : residual(DCA5.0-5.5) layer5~14

H_RESwrtDCA[11]
Entries 17241
Mean 0.02172
RMS 0.2622
%2/ ndf 85.28 /27
Constant 886.4 +9.5
Mean -0.01211+0.00131
Sigma 0.1457 + 0.0013

2
Residual [mm]

run000379 Itr=4 : residual(DCA7.0-7.5) layer5~14

H_RESwrtDCA[15]
Entries 17629
Mean 0.02759
RMS 0.2926
%2 / ndf 190.8/27
Constant 565.4 + 7.0
Mean -0.06409 + 0.00289
Sigma 0.2045 = 0.0034
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run000379 ltr=4 : residual(DCA5.5-6.0) layer5~14

H_RESWHDCA[12]
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Entries 17348
Mean 0.0317
RMS 0.2755
%2/ ndf 64.64 /27
Constant 882993
Mean -0.007127 = 0.001328
Sigma 0.1445 + 0.0012
T T
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Residual [mm]

run000379 ltr=4 : residual(DCA7.5-8.0) layer5~14

H_RESwrtDCA[16]

Entries 17429
Mean -0.08674
RMS 0.2553
%2 I ndf 54.18/27
Constant 604.1+6.9
Mean -0.1107 = 0.0031
Sigma 0.2402 + 0.0045

2
Residual [mm]

ZHEH68% Confidence Interval




Residuala % DB ( DCA : 0.25~2.75 [mm]

Entry

Entry

CRTDResidualofr&y T alb—ya >y ERUResidualatmzERHE

Residual DCA= 0.25 mm, npri= 16.7/cm Residual DCA= 0.75 mm, npri= 16.7/cm Residual DCA= 1.25 mm, npri= 16.7/cm
hist_dca=0.25 hist_dca=0.75 hist_dca=1.25
Entries 16638 = r Entries 16929 = B Entries 17077
103 M i N i
E ean 0.6138 L Mean 0.3949 I - Mean 0.2922
F Std Dev  0.6396 3| StdDev  0.493 Std Dev  0.3731
C 10°E 108
~ Underflow 2 r Underflow 3 E Underflow 2
[ Overflow 0 C Overflow 1 C Overflow 0
102 I B
E 102 ? 1 02 =
10
E 10 101
e 1= 1=
: | ‘ | | | ‘ | | | ‘ | | ‘ : | ‘ | | | ‘ | | | ‘ | E | ‘ | | | ‘ | | | ‘
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Residual[mm] Residual[mm] Residual[mm]
Residual DCA= 1.75 mm, npri= 16.7/cm Residual DCA= 2.25 mm, npri= 16.7/cm Residual DCA= 2.75 mm, npri= 16.7/cm
_ hist_dca=1.75 _ hist_dca=2.25 hist_dca=2.75
r Entries 16997 %’ r Entries 17157 %’ F Entries 16942
- Mean 0.2302 L r Mean 0.1851 L C Mean 0.149
r StdDev  0.3115 r StdDev  0.2457 L Std Dev  0.1949
1 03 - Underflow 0 103 = Underflow 0 1 03 | Underflow 1
= Overflow 0 F Overflow 0 E Overflow 0
102 107 102
10 10 10
E | ‘ 11| ‘ 11| E | ‘ 11| ‘ 11| E | ‘ 111 ‘ 11 Il ‘\ | L1
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

Residual[mm] Residual[mm] Residual[mm]



Residualafm D LB ( DCA : 3.25~5.75 [mm]

Entry

Entry

!

CRTDResidualofr&y T alb—ya >y ERUResidualatmzERHE

Residual DCA= 3.25 mm, npri= 16.7/cm Residual DCA= 3.75 mm, npri= 16.7/cm Residual DCA= 4.25 mm, npri= 16.7/cm
hist_dca=3.25 hist_dca=3.75 " hist_dca=4.25
k X > F - > 10"E -
- Entries 16963 ..‘E-. - Entries 17100 ..E E Entries 17309
r Mean  0.1296 w F Mean  0.1088 w E Mean  0.09836
L StdDev  0.1844 i StdDev  0.154 r StdDev  0.1286
3 Underflow 0 Underflow 1 B Underflow 0
10°E Overflow 0 10%E Overflow 0 103k Overflow 0
1021 102k 10%E
10 10k 10
1 1 1
4 6 2 4 6 2 4 6
Residual[mm] Residual[mm] Residual[mm]
Residual DCA= 4.75 mm, npri= 16.7/cm Residual DCA= 5.25 mm, npri= 16.7/cm Residual DCA= 5.75 mm, npri= 16.7/cm
10° = hist_dca=4.75 4 hist_dca=5.25 hist_dca=5.75
E Enties 17173 %’ 10°E Entries 17241 %’ 10* = Entries 17348
C Mean 0.09323 L E Mean 0.09047 L F Mean 0.08511
[ Std Dev 0.111 - Std Dev  0.09915 : Std Dev  0.0856
B Underflow 0 r Underflow 0 - Underflow 0
1 03 E Overflow 0 1 03 L Overflow 0 Overflow 0
102 102k
10k 10¢
1 1
2 4 6 -6 -4 -2 0 2 4 6 2 4 6

Residual[mm] Residual[mm] Residual[mm]



Residual2 D L ( DCA : 6.25~8.75 [mm]

Entry

Entry

!

CRT®DResidualafiE ¥ X 2 L—2 3 Y TER U zResidual3 i ZERH

Residual DCA= 6.25 mm, npri= 16.7/cm Residual DCA= 6.75 mm, npri= 16.7/cm Residual DCA= 7.25 mm, npri= 16.7/cm

hist_dca=6.25 . hist_dca=6.75 hist_dca=7.25

104 3 Entries 17533 210 Entries 17503 2 10*F Enties 17629

C Mean 0.07787 LlCJ E Mean 0.07109 LE E Mean 0.07911

B StdDev  0.08255 = StdDev  0.07546 C StdDev  0.07504

r Underflow 0 [ Underflow 0 ~ Underflow 0

1 03 Overflow 0 Overflow 0 1 03 | Overflow 0
102} 10%
10E 10E

1 1
| | | ‘ | | | ‘ | ‘ | | | ‘ | | | ‘ |
0 2 2 4 6 2 4 6
Residual[mm] Residual[mm] Residual[mm]
Residual DCA= 7.75 mm, npri= 16.7/cm Residual DCA= 8.25 mm, npri= 16.7/cm Residual DCA= 8.75 mm, npri= 16.7/cm
hist_dca=7.75 4 hist_dca=8.25 hist_dca=8.75
10°E - >10'F , > F :

F Entries 17429 ..E. F Entries 18642 = - Entries 8630

r Mean 0.1275 w r ‘ Mean 0.2567 w - Mean 0.5309

N Std Dev  0.08841 F StdDev  0.08899 e Std Dev  0.1082

B Underflow 0 B Underflow 0 10 F Underflow 0

— Overflow 0 F Overflow 0

1 03 = Overflow 0 1()3 E L
107
10%E N 10%E
10
10k 10k E
1 1 1
‘\M\‘\\\\‘\\\\ |“H\‘\\\\\\\ m‘l‘
0 2 4 6 2 4 6 2

6
Residual[mm] Residual[mm] ReS|duaI[mm]




S {E

R
1R REFS

VA XIEETED BRI

1.6x10-19 C x8x104=1.28x10-14C =128 fC

£ > TEMFICXT I B2 ThresholdiZ

(3600 mV - 3800 mV)=6.7 mV/fC = -32.8 fC
BB DAC®D ¥4
offset(&
B2

POTDFTIRNTY NHBILETMND, II5E
MO KFEDBRZ T TENZTTICKEZERL

DRI 7% E

s &bt T, Threshold=#8Z %

VAT %KD B

~32.8 _

— =26 BF 18

— =T IiEY
(R U foR

rrent (fC)

39



HORXT 4w

I~

Np=12 /cm

Np=17 /cm

Entry

DCA=0 mm

Confidence Interval

DCA=5 mm

Confidence Interval

_ ConfintHist ConfintHist
| Entries 1000 ? - Entries 1000
L : : Mean 0.9179 D 607 Mean  0.09232
10 f f Std Dev 0.01366 - Std Dev 0.001878
[ - SO
8- —— [
- j j T s St W | M S —
e :
i 1 1 ] e |
- 201“" """""""""
07\\\\\§\\\\§ | \i\\\\i\\\\\\ 07\\\\i\\\\i\\\\i\\\J\“\\\\i\\\\i\\\\\\\\
075 08 085 0.9 095 1 1.05 1.1 -0.1 -0.05 O 005 01 0.15 02 0.25
Confidence Interval(mm) Confidence Interval(mm)
Confidence Interval Confidence Interval
_ ConfintHist ConfintHist
2o C Entries 1000 ..E B Entries 1000
r : : Mean 0.5337 1] 100 Mean 0.04246
201 S | Std Dev 0.007578 i StdDev 0.0009274
4B - T
n ‘ ‘ 0] SRS IR I S S S S—
161 . e -
L e i T .
C ; ; [0 I e
12 -
L e I A |
8} o 40:* R
S — (A A |
b T DO
0:\\\\¥\\\\¥\\\\ \\\;\\\\;\\\\\\\ 0\\\\;\\\\;\\\\;\\\;\\\\;\\\\;\\\\\\\\
035 04 045 05 055 06 065 0.7 -0.15 -0.1 -005 O 005 01 015 0.2

Confidence Interval(mm)

Confidence Interval(mm)

40



ANRYKNTARATLA

Np=15.00/cm,DCA=0.0mm Np=15.00/cm,DCA=2.0mm
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Number of Primary lon

| evaluate spatial resolution plot using Spatial Resolution
fitting function. ey

f(x)tzotal = f()C)%On +f(x)fh-f +f(x)§l +f(x)t2mck

!

| made using MC simulation

Np =11.2 /cm
Diffusion : 340 um for 1cm Drift
previous result (SETUPDH)

Np=15.0 /cm
Diffusion : 220 um for Tcm Drift

o
\l

o
o

half of 68% interval (
o
o

©
~

o
w

o
(M)

o
—

o

~itting looks not good.
Np is smaller and diffusion factor is larger than previous result.
t's because the threshold for charge is different.
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