Data analysis for the detection efficiency

G. Nukazuka (RBRC)

Past reports:
. (clone hits)
1. (BCO grouping, clustering)
. (alignment)
V. (detection efficiency)


https://indico.bnl.gov/event/14633/contributions/59702/attachments/39563/65627/20220127_clone-hits.pdf
https://indico.bnl.gov/event/14958/contributions/60579/attachments/40002/66675/20220224_analysis.pdf
https://indico.bnl.gov/event/15114/contributions/61186/attachments/40246/67178/20220317_analysis.pdf
https://indico.bnl.gov/event/15280/contributions/61735/attachments/40322/67310/20220324_analysis.pdf

Issue: Analyzer dependence of the detection efficiency

Detection efficiency analysis of Run89 were done by Chen-Wei, Miu, and me.
The results without the sigma window cut to the residual distributions were consistent
while with 3-sigma window cut look inconsistent.
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Genki, no additional cut 10 3 0.940 0.937 0.894

& E

Ladder 1 Ladder 2

Genki, straight beam track 10 3 0.883 0.961 0.9217
Chen-Wei, ELPH poster all 3 0.993 0.995 0.971

Chen-Wei, new (3/24) 10 3 0.992 0.998 0.991

Miu 10 3 0.977 0.984 0.969

The difference must be understood.



Issue: Analyzer dependence, tracking methods

From the conversation with Chen-Wei after the INTT meeting last week, | think got the
point which made the difference.

Geometrical determination (Genki, Miu) Determination by fitting (Cheng-Wei)
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testing tested testing
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A cluster on each testing ladder are used for tracking.
The track can be determined uniquely:

y=ax+b and p; =,y &py=(x,y)
The closest hit on the tested ladder to the predicted
position by tracking is treated as a candidate.

A cluster on each testing ladder and one of a
cluster on the tested are used for tracking.
A track is made by fitting to the 3 points with a

straight line. The track with the smallest x? is
hired.




Issue: Analyzer dependence, tracking methods
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Issue: Analyzer dependence, trying the fitting method
Fitting method
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: My plots are updated from the ones sent to the INTT mailing list. There were bugs.



Issue: Analyzer dependence, trying the fitting method
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Residual distributions using the methods are different as expected.
The flat background seen in the geometrical method is quite small in the fitting method.
The positions of the satellite peak in ladder2 towards in opposite directions. | don’t

b New results were obtained using Genki’s data having no clone hits.
oo ¢ The fitting method creates narrower distribution than the geometrical method.
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Issue: Analyzer dependence, track slope cut
Algorithm-1 0 'i* ? '
1. Fit all combinations and pick up the one

with minimum 2 / NDF .
2. Check the residual (R') of e.ach layer Ei >=}
3. If < tolerance — event-profile 111 —T

4. 1f > tolerance - algorithm-2 s applied

r
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As far as | understand, a requirement of small track slope is
included in Chen-Wei’s analysis. The largest value required
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to the slope is the same as the 3-0c windowcut. (e O ——
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Track slope distributions
slope: channel difference when moving

from a ladder to the next ladder

. .. Again, there are some discrepancy between the 2 methods,
intercept: position at ladder0 9 pancy

and | need to take time to investigate it...



Issue: Analyzer dependence, track slope cut to the residual dists.

Run89, chip10

No slope cut
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The track slope cut |slope|<16 narrows the distributions.

The track slope cut |slope|<4 completely removes the satellite
peak for all cases. It’s not due to less statistics because the
hight of the peak is not so affected.

Chen-Wei applied [slope| < 3 in my understanding. This cut
doesn’t improve my results somehow. Since the track slope
distribution is not centered, | tried selecting events around the
mean value (How large is fine?).
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Residuals, Whole range
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Residuals, Zoomed
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MC, Residuals, Whole range
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MC, Residuals, Zoomed

chip9

chip190

chip11

chip12

hist_denomi dder0_chip8

hist_denomi dder0_chip9

hist_denominator_ladder0_chip10

hist_denomi

der0_chip11

hist_denomi

der0_chip12

FT T T 17 T T T 7T hist_denominator_ladder0_chip8 FT 17 T 1T T hist_denominator_ladder0_chip9 FT T 77 T T T hist_denominator_ladder0_chip10 FTr -7 1T hist_denominator_ladder0_chip11 FT T T 7 T T hist_denominator_ladder0_chip12
Entries 22177 ™ Entries 65984 - Entries 89132 - Entries 73676 - Entries 35238
1 04 f Mean -0.04169 B Mean -0.02866 r Mean -0.04956 B Mean -0.02612 Mean -0.03475
E Std Dev 0.5104 B Std Dev 0.521 | Std Dev 0.5131 Std Dev 0.5205 1 04 — Std Dev 0.5104
- Underflow 0 4 Underflow 0 Underflow [ 4 Underflow 0 F Underflow 0
B Overflow 0 1 0 = Overflow 0 1 04 | Overflow 0 1 0 = Overflow 0 C Overflow 0
¥2/ ndf 24.88/2 E %2 1 ndf 229.1/4 - «2 / ndf 102.4/7 E %2/ ndf 2224/8 : ¥2 I ndf 43.92/5
B po 2.541e+04 = 7.051e+02 F po 7.689e+04 = 3.474e+02 = po 1.0366+05 = 6.6476+02 - PO 8.6650+04 = 1.3216+03 po 4.1240+04 = 9.174e+02
3| *-1.18ch-1.14ch(-0.023 + 3 o ): Pl ~0.02305 = 0.00222 [ *-1.17ch - 1.13ch(-0.0209 = 3 o ): Pl ~0.02093 = 0.00114 - *-1.18ch - 1.12ch(-0.0265 = 3 o ): p1 ~0.02646 = 0.00099 | *-1.16ch-1.12ch(-0.0191 = 3 o): Pl -0.01911=0.00109 | *-1.17ch - 1.13ch(-0.0186 =3 o ): p1 ~0.01856 = 0.00168
10° 5 22136/ 22202 0.997 e P§ 0.3872 x 0.0063 - 65707/66092 =0.994 o> F’i 0.3826 = 0.0008 - 88952/89253 =0.997 'y mor zg 0.3833 = 0.0008 73379/ 73796 =0.994 'y sy Pi 03811+ 0.0034 1 03 | 35163/35294 =0.996 'y s Pi 03826 = 0.0048
- P 2.36 = 0.94 P 2.501+ 1.459 52.39 + 7.93 3| P 3.998 + 1.480 = P 1.68 + 0.59
[ *-1.36ch - 1.31ch(99.73% CI) p4 1074 1 03 E* -1.2ch - 1.16¢h(99.73% Cl) p4 7.495 = 7-7297 1 03 [ -1.27ch - 1.22¢h(99.73% ClI) p4 20550111 | 10 E *-1.19¢ch - 1.15ch(99.73% Cl) p4 4.433 = 1-6377 |- * -1.22ch - 1.18¢ch(99.73% ClI) p4 1076 |
22145/ 22202 =0.997 'y yrover . F 65708766092 =0.994 )yl e F 88965/89253 =0.997 [y B E 73386/73796 =0.994 {oon® 3 [ 35186/35294 =0.997 yyrar -
1 a d de I 0 102 - — B 7 B 5
g 3 2 - 102 = 10° =
- ] 102 = 10 = 3 0 & E = =
10— - 10 = 10 | E — —
E E 10 3 = 3 S | 3 10¢ 3
i i g | E - . C ] u ]
] IR C | ] i = _— i ]
S — 1 z/ 1= _
1= | = 1= = 8 E F 3 1= | | =
C_1 1 1 1 I 1 1 I 1 i 1 L E 1 | | 1 | I 1 1 I 1 1 1 I 1 1 = C 1 1 I 1 1 1 I 1 1 1 1 i 1 1 L 1 1 1 I 1 1 I 1 1 1 I 1 1 i E 1 I 1 1 1 I 1 1 I 1 1 1 =
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 2 4 6 -6 -4 -2 2 4 6 -6 -4 -2 0 2 4 6
hist_denominator_ladder1_chip8 hist_denominator_ladder1_chip9 hist_denominator_ladder1_chip10 hist_denominator_ladder1_chip11 hist_denominator_ladder1_chip12
Q[ TTTT T hist_denominator_ladder1_chip8 rrrr7p T hist_denominator_ladder1_chip9 Frr 7T hist_denominator_ladder1_chip10 L L L hist_denominator_ladder1_chip11 Fr T T hist_denominator_ladder1_chip12
1 0 = Entries 22157 Entries 66063 - Entries 89158 B Entries 73727 Entries 35232
E - 4
o Mean ~0.01568 Mean 0.005096 B Mean ~0.01466 - Mean 00174 10 Mean 0.005627
C Std Dev 1.043 10%E Std Dev 1.034 Std Dev 1.032 " Std Dev 1.022 - Std Dev 1.02
- Underflow 0 E Underflow 0 1 04 I Underflow 0 10° Underflow 0 - Underflow 0
- Overflow 0 - Overflow 0 = Overflow 0 F Overflow 0 - Overflow 0
%2 I ndf 2420/32 : %2/ ndf 6639 /103 o %2/ ndf 9412 /61 - %2/ ndf 7421 /110 | %2/ ndf 3531/43
3 po 8835 + 6.1 pO 2.637e+04 = 1.202e+02 L PO 3.594e+04 = 1.412+02 B po 2.956e+04 = 1.269e+02 PO 1.437e+04 = 6.756e+00
10 E *-2.84ch - 2.5ch(-0.169 =3 o ): p1 -0.1689 = 0.0006 | *-2.83ch - 2.57ch(-0.129 = 3 o ): p1 -0.1287 = 0.0038 | *-2.83ch - 2.49ch(-0.169 =3 o ): p1 -0.1694 = 0.0033 [ *-2.8¢ch - 2.57ch(-0.115 =3 o ): p1 ~0.1154 = 0.0036 1 03 |_*-2.77ch - 2.51ch(-0.132 =3 o ): p1 01321+ 0.0004
F 22104722195 =0.996 ;0 F’i 08912 = 0.0003 103 ©5861/66172=0.905 g P2 0.8989 = 0.0018 3 88965 / 89300 =0.996 'y o> p2 0.8853 = 0.0015 10° 73498 / 73872 =0.995 0202 p2 0.8947 = 0.0017 E 35150/35208 =0.996 22002 p2 0.8803 = 0.0002
- : p: 3.127e-07 + 9.468e+01 E i p3 0.0004117 = 0.5480683 1 o — : p3 3.313e-05 = 4.489e-01 = ) p3 0.0006891 + 0.5630680 - : p3 1.744e-07 = 6.142e+01
[ *-2.85ch - 2.51ch(99.73% %?ows p4 1+88 [ *-2.83ch - 2.57¢ch(99.73% Slo)wzu p4 1=01 E *-2.83ch - 2.49¢ch(99.73% Slgo - p4 1= 0-17 | *-2.8¢ch - 2.57¢h(99.73% C.Qomss p4 1201 | [ *-2.77ch - 2.51ch(99.73% SI&’ " p4 1289
1 1 22104722195 =0.996 e B [ 65861/66172=0.995 1 [T 88965/89300 =0.996 'y s 7] O 73500/73872=0.995 o i 35150 / 35298 =0.996 'y sorar: i
‘ I‘ I ' 2| _] - - i ] L |
a e 10 F E B T 102 —
- - 10° E 102 E 107 E - -
10 - i ’ i i L _
E E 10 = 10 - 10 = 10 E
1 E 14 E 1 = 1 1
L I . i | 1 I Il 1 ¥ I I 11| ] L [ | ) I 1 1 11 1 i L 111 | ) I 1 ¥ I I 11| a 111 I 11 1 1 I 1 1 1 I /- ¥ I I 1 i
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 5 10 -10 -5 5 10 -10 -5 0 5 10
hist_denominator_ladder2_chip8 hist_denominator_ladder2_chip9 hist_denominator_ladder2_chip10 hist_denominator_ladder2_chip11 hist_denominator_ladder2_chip12
4
1 0 Frorrprrrrprir T T TT T T 1T TT hist_denominator_ladder2_chip8 TTTprrTr T T T T IT T T LT T T T T hist_denominator_ladder2_chip9 roprrrrprrer e i T T Il T T T T T T hist_denominator_ladder2_chip10 Froprrrrp T r T Il I LT T T T TT hist_denominator_ladder2_chip11 TTTTTITT T T T T T TTTTTTTTT T hist_denominator_ladder2_chip12
F Entries 22229 B Entries 66172 | Entries 89353 - Entries 73822 1 04 — Entries 35273
r Mean -0.1255 4] Mean -0.09768 Mean -0.1145 " Mean -0.06849 E Mean -0.08464
- Std Dev 1.967 10°E Std Dev 1.951 4l Std Dev 1.955 10° Std Dev 1.947 F Std Dev 1.932
| Underflow 0 E Underflow 0 1 o E Underflow 0 - Underflow 0 ~ Underflow 0
Overflow 0 - Overflow 0 - Overflow 0 r Overflow 0 B Overflow 0
3| ¥ I ndf 6198/6 = %2 I ndf 1.966e+04 /8 - %2 / ndf 2.729e+04 /10 - ¥2 / ndf 2.148e+04 /11 - %2 I ndf 1.001e+04 /7
10°E PO 3973 = 33.8 - po 1.207e+04 = 6.023e+01 - PO 1.645+04 = 2.994e+00 L PO 1.374e+04 = 6.296e+01 po 6459 = 348.8
[ * -5.05ch - 4.62ch(-0.213 = 3 o): Pl -0.2133 = 0.0128 3| *-4.8¢h-4.42ch(-0.19 =3 o): Pl ~0.1905 = 0.0072 [~ *-4.65ch - 4.38ch(-0.135 = 3 o ): p1 ~0.1347 = 0.0003 *-4.67ch - 4.45ch(-0.107 = 3 o ): Pl ~0.1074 = 0.0067 1 03 I -4.78ch - 4.5¢h(-0.14 = 3 o ): p1 -0.1397 = 0.0098
[ 2222622265 =0.998 o Pi . 10°F 66166766305 =0.998 22007 Pg 1.538 = 0.003 1 03 89340 / 89555 =0.998 'y oy ::)»2 1.506 = 0.000 1 03 = 73812/73948 =0.998 ‘s, P§ 1.52 = 0.00 E 35271/35346 =0.998 'y uae Pg 1.545 + 0.004
- P 2.796e-10 = 1.964e+00 = P 1.562e-12 + 6.698e-02 — 3.612e-08 = 3.879e+00 E P 7.443e-07 = 2.412e+00 L o 65.32 + 572.39
| *-5.05ch - 4.62ch(99.73% Cl) p4 1.002 = 0.402 [” *-4.81ch - 4.43ch(99.73% Cl) p4 3.509 = 1.376 -4.66¢h - 4.39¢h(99.73% Cl) p4 1.194 = 7.070 [ * -4.67ch - 4.45ch(99.73% CI) p4 1.088 = 0.304 | [ *-4.78ch - 4.5¢h(99.73% CI) p4 1.545 = 0.067 |
22226 / 22265 =0.998 'y yroge - 66166 /66305 =0.998 oo - [ 8934089555 =0.998 yyoms ] | 73812/73948 =0.998 o | 35271/35346 =0.998 v
102 = = - - L |
r ] B 7 2 |
- ] 10* = ) 102 - 10%E E
B ] - 3 10 E = E C ]
10 - i i i l i T
F 3 10 = 10 = 10 -
N ] E = 10 = = = - E
1= E 1= = i 1= =
u ] g 3 1= E 3 1= =
111 111l ¥ 111l ¥ L1 LU 1 ¥ 111 ¥ 111l I 111 7\ 11 L1l ¥ L1l ¥ 11 1 ¥ L1l ¥ L1l I 1 \7 L 111l ¥ 111l ¥ 11 LA 1 ¥ 111l 7\ 1 I 111l ¥ 111l ¥ 11 1 I 11 ¥ 111 ¥ 111l I 1 \7 CLil I L1l ¥ 1 1 ¥ 11 T ¥ 111 ¥ L1l I L1117
-25 -20 -15 -10 -5 O 5 10 15 20 -20 -15 .10 -5 O 5 10 15 20 -20 -15 -10 -5 5 10 15 -20 -15 -10 -5 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20




Issue: Analyzer dependence, Detection efficiency with Fitting method
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Issue: Analyzer dependence, Detection efficiency with Fitting method
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Issue: Analyzer dependence, Detection efficiency, Comparison

Since the track slope distributions from the 2 methods are not the same, comparison of the detection efficiency
with the track slope cut is not possible. Comparison with the cut is briefly shown.

Detection efficiency without the sigma window cut

LadderO Ladder1 Ladder2
E E .. E E .. E E ..
Fitting GeometricalFlt‘ Geon. Fitting GeometricalFlt‘ Geon. Fitting GeometricalFlt‘ Geo.
0 9 -1 99.6% 99.6% 0.04% 1 9 -1 99.5% 99.5% 0.05% 2 9 -1 99.4% 99.5% -0.10%
0 10 -1 99.6% 99.5% 0.03% 1 10 -1 99.4% 99.4% 0.01% 2 10 -1 99.4% 99.4% -0.02%
0 11 -1 99.6% 99.6% 0.00% 1 11 -1 99.4% 99.4% -0.02% 2 11 -1 99.0% 99.0% 0.01%

— No big difference between the 2 methods as expected

Detection efficiency with the 3-sigma window cut

& ® Fit. - Geom & ® Fit. - Geom & ® Fit. - Geom

Fitting Geometrical " ° : Fitting Geometrical " ° : Fitting Geometrical " :
0 9 3 99.2% 96.3% 2.96% 1 9 3 97.7% 1.63% 2 9 3 99.0% 95.2% 3.81%
) 10 3 99.4% 97.0% 2.43% 1 10 3 98.2% 96.2% 2.02% 2 10 3 99.2% 95.9% 3.29%
0 11 3 99.5% 96.7% 2.77% 1 11 3 98.0% 95.5% 2.52% 2 11 3 98.8% 95.2% 3.68%

— Few % of differencel



Issue: Analyzer dependence, Conclusion

Genki tried the fitting method, which have beed hired by Cheng-Wei.

Residual distributions obtained from the fitting method are slightly sharper than ones from the the
geometrical method. The track slope cuts suppress the satellite peak drastically, and remove the
tail-like structure around the peak especially for the fitting method.

Since much sharper residual distributions are obtained thanks to the fitting method and the track
slope cuts, more the 99% efficiency was achieved with the 3-sigma window cut. This is consistent
with Chen-Wei’s results.

For better results:
M optimization of alignment correction depending on the chips
[ consideration of the 3-sigma window cut
[J optimization of the stack slope cut

No sigma window cut 3 0 window
Ladder 0 Ladder 1 Ladder 2 Ladder 0 Ladder 1 Ladder 2
Genki, no additional cut 10 3 0.940 0.937 0.894
Genki, straight beam track 10 3 0.883 0.961 0.921
Genki, Fitting method 10 3 0.994 0.982 0.992
Chen-Wei, ELPH poster ? 3 0.993 0.995 0.971
Chen-Wei, new (3/24) 0 3 0.992 0.998 0.997
Miu 10 3 0.977 0.984 0.969
Genki, Fitting method, MC 10 3 0.997 0.996 0.998

The difference well was understood.
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Detection efficiency, to get better results...

Run89, chip10
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Entries
Mean

Std Dev
Underflow
Overflow
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12279
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0.5704

0

0

91.29 /583
1.173e+04 + 1.670e+02
-0.1065 + 0.0036
0.4216 + 0.0035
93.48 = 25.13
1.456 = 0.155

boo! Get3SigmaRange( TF1x T,

R | calculated 99.73% of the all
area of the fitting function:

double& lower, double& upper )

double xmax = f->GetXmax();

f/double mean = f->Mean( xmin, xmax ): // usuless, It’s fine in CINT,
double mean = f->GetParameter(l);

double whole_area = f->Integral{ xmin, xmax );

double division = Te5;
double step = (xmax xmin ) / division;

u+a
‘"c;( int i=0; i<int(division); i++ ) J f(X)dX /S = 09973

double xmin_current = mean = 1 * step;
double xmax_current = mean + i x step; lt a
double arca = f->Integral( xmin_current, xmax_current )
1f( area / whole_area > @.9973 )
¢ lower = xmin_current;
upper = xmax_current:
z return true;
return false;
}
-1.37 1.16 12060 12340 0.977
-2.5 2.28 12171 12340 0.986

Since the residual distributions are not reproduced by a single gaussian,
acceptance range for detection efficiency calculation should be modified
accordingly, otherwise we underestimate the efficiency.

This effort slightly increases the efficiency. For low statistic distributions, it
increases the efficiency up to 0.1.



