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Reminder, DAC Scan - in combining bins &G

The disagreement in the overlap bins between Scan2 and Scan3, observed in the past as well
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Energy deposit distribution (DAC Scan)

 As what we agreed in the INTT meeting last week
- The statistical error inflation is removed in combining overlapped bins
* Normal weighted average method used to combine overlapped bins
- Bin disagreements between distributions are considered in the systematic uncertainty
- |In each bin, the maximal (up and down) variations are quoted as the systematic uncertainty

* The statistical error bars of variations are not included in comparison
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SPHE

Scan)

nergy deposit distribution (DA

Different matching methods Different matching methods Different matching methods
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Energy deposit distribution (DAC Scan)

* |n each bin, the maximal (up and down) variations are quoted as the systematic uncertainty

SPHE
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Energy deposit distribution (DAC Scan)

DAC hist all 0

DAC hist_all 1

SPHE

DAC hist all 2
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Energy deposit distribution (DAC Scan)

* |n each bin, the maximal (up and down) variations are quoted as the systematic uncertainty
- Baseline: two overlapped bins for distribution matching
- Bin statistical error inflation due to bin disagreement is removed
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Energy deposit distribution (DAC Scan)

» Signal component: Landau-Gaussian convolution
« Background: Exponential + Gaussian
* Fitrange: 8 to 140 DAC

» Signal Purity {DAC =z 40}: > 99%

Plot to be in paper (tentative)
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Hit detection efficiency

* Hit detection efficiency:
- Itaru: the simulation should be used to determine the proper residual cut
- Goal: we want the residual cut as small as possible, but also make sure no physics (signal hits) is artificially discarded

* According to the simulation study, with the residual cut larger than 0.7 mm, the hit detection efficiency is measured to be > 99.995%
(@0.7 mm, effi. = 99.9952 %)

- Residual cut of 0.7 mm is applied to data
- No additional correction applied to data (Nearly 100% of hits are retained in MC)

- Residual cut variation is removed from the systematic uncertainty sources (Differences of effi. with residual cut from 0.7 mm to 1.0
mm well within their stat. unc.)
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SPHE

Hit detection efficiency - systematic unc.

Sources considered for estimating the systematic uncertainty

Runb52 Run89
Source Variation
Numerator | Denominator |Efficiency(%)] Numerator | Denominator |Efficiency(%)
Baseline 42972 43099 99.705 50511 50746 99.537
(New) Us — U9 (Run52)
Column U10 — U11(Run8g) 44210 44301 99.795 37156 37338 99.513
0.01 — 0.013 43658 43795 99.687 51384 51623 99.537
Slope Cut
0.01 — 0.007 41759 41877 99.718 48633 48856 99.544
8 ch — 11 ch 42972 43099 99.705 49397 49625 99.541
Boundary Cut
8 ch — 5ch 42972 43099 99.705 51629 51873 99.530
considered Residual cut is removed from the systematic uncertainty sources
in the past The numbers are statistically combined for estimating systematic uncertainty
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 11
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etection efficiency as a function of Y axis &k €

Run52 Run89

Column variation, Run52 Column variation, Run89
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Hit detection efficiency as a function of Y axis gg& €

Run52 Run89
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*Statiscial error bars of varied data points are removed for better visualization
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Hit detection efficiency as a function of Y axis gg& €

Run52 Run89

Slope cut variation, Run52 Slope cut variation, Run89
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dS d funCtion Of Y aXiS sPH ENIX

Hit detection efficiency

Run52 Run89

Boundary cut variation, Run89
e Baseline (Hits of LO & L2 to edge < 8 channels)
o Hits of LO & L2 to edge < 11 channels
= Hits of LO & L2 to edge < 5 channels

Boundary cut variation, Run52
e Baseline (Hits of LO & L2 to edge < 8 channels)
o Hits of LO & L2 to edge < 11 channels
+ Hits of LO & L2 to edge < 5 channels
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Hit detection efficiency as a function of Y axis gg& €

The total systematic uncertainty in each bin is obtained by summing all sources in quadrature

Run52 Run89

GCD 1_01_III|III|III|III|III|III|III|III|III|III__ GCD 1_01_III|III|III|III|III|III|III|III|III|III_
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an| 1006: = Syst. High, Slope cut variation 1 ] m - 006: « Syst. High, Slope cut variation - ]

E Syst. High, Boundary cut variation ] E - Syst. High, Boundary cut variation 7
1.0041- : 1F : 1.0041 =l -

O - i . O - ’

3 1.002F . i - r - 3 1.002F =lis N

(4] B ~ = © - -

_ M.--g ....... £ I I I — —rr _E_I_E_Iﬂ@w = -

S B s D e na = I
0.998 - ] 0.998 - - ]
0.996[ el - 0.996[ J1F -
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- o Syst. Low, Column variation 4 F - - o Syst. Low, Column variation -
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Hit detection efficiency as a function of Y axis gg& €

Run52

Hit detection efficiency (combined):
It was: 99.668 TV-928(szqr.) +0-109(gy51.) %

Run89

Hit detection efficiency (combined):
It was: 99.497 +0-031(gzqz.) +0-026(gy57.) %

- 0,036 +0:000 - S0030( g7 +0.008
Itis  :99.705 T se(star.) T mo(syst.) % Itis  :99.537 T 25(stat.) T Se(syst.) %0
1 02 _I I T | L | L | T | L | T | L | L | I I_ i 1 02 _I I L | T | L | T | L | L | T | L | I I_ i
- SPHENIX INTT Beam Test 20217 [ B SPHENIX INTT Beam Test 20217 [
< 101 1F < 101 1F
S 1001 1F & 100F . 1r
(- B * * * ¢ — ] e c B _
D B — ] ) __+_—¢—_¢_ —— i ——
5 - . S - ‘ .
= QOpmmmmemmmsemsessesssssssnmn e e = QOpmmmmmmmmmsmsessessessssnm e bbbl
LLI - . LLI i i
C _ i C _ i
._IC:) 98_— * Data - _'C:) 98_— * Data 1
O - . &) | _
Q9 - == 99% efficiency line } Q9 - == 99% efficiency line 3
o I Bl o I El
= ~  INTT Ladder Hit Detection Effi. (Comb.): 99.71 ;’:: (stat.) ;’:29 (syst.) % i = ~ INTT Ladder Hit Detection Effi. (Comb.): 99.54 ;’:33 (stat.) ;’g’; (syst.) % i
T 961 1r T 96 qr
- *Beam spot region shown only 7 - *Beam spot region shown only 7
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Recap - hit detection efficiency of L1

Debut of fitting method with effi. under control: 2022/Jan/07

Debut of DUT method: 2022/Dec/02

Table 1. The sources of the systematic uncertainties affecting the detection efficiency calculation.
Sources Scan range Uncertainty (%)
Residual cut 0.164 mm-0.304 mm 0.063
Slope cut ~0.0088-0.0112 3% 10-3
Edge effect Och-10ch 4 x 1074
Total 0.063

99.33 + 0.04(stat) & 0.06(sys) %
e ———

From Run52, hit detection efficiency (Combined): 99.705 fg-ggg(stat.) jg-g?g(syst.) %

* In ELPH report, the average of variation is used as uncertainty (insensitive to the tested variations)
* |In new result: differences are summed up in quadrature (conventional way)
* |In new result: one more source considered: column variation

e 0.234 mm (0.7 mm) is used for Residual cut in ELPH (New results)
 Good agreement with MC in residual distribution obtained, therefore loose the selection a bit
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Recap - hit detection efficiency of L1

Debut of fitting method with effi. under control: 2022/Jan/07
Debut of DUT method: 2022/Dec/02

The previous plot (the one on ELPH report) The new plot with same bin width for comparison
I_ol 1 02 _SEHEINIXI I|N7|-T| Blealrn |Te|St| 2|02|1 | I I I I 7 102_I L L | L | L | L | L | L | L | L | L I_ i
o, : Run 52, Dec 10, 2021 - - SPHENIX INTT Beam Test 202171 [
> - - . — a0 -
S 101 - = z
.6 B i > 100__ 1 L —
- ++,+, T : O - 3
- - + T+ +  + - = QOfessesemeesessesssees o preean- -
el | SLLEEEEEEEEEEEEEEE 1 --_j_---‘-f= ---------- =— LL] § i
O | . C i i
-% B ~ g O8 ¢ Data — =
- | &) | _
a 98: -== 99% efficiency line : e - == 99% efficiency line -
: : g 97 1F -
97 B ] = : INTT Ladder Hit Detection Effi. (Comb.): 99.71 **%° (stat.) **% (syst.) % -
: : I 96:— -0.03 -0.02 _: __ N
96_— ] - *Beam spot region shownonly 7 [
B N _I | | 1 1 | 1 1 | L 1 1 | L 1 1 | 1 1 | L 1 1 | L 1 1 | L 1 1 | | I_ ]
- | *Beam S[laot region slhown only ) 0-8 -6 -4 -2 0 2 4 6 8 10 (Combined)
95 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]

-10 -5 0 5 10 Y axis [mm]
Track position [mm]

In comparing the baseline data points, basically same shape
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Things that might affect detection efficiency fg&®,

* The current measured hit detection efficiency in data: > 99.5% (w/ Residual cut 0.7 mm)

* Precision limit of physics model in GEANT in large angle
- The used residual cut determined by MC is too narrow, efficiency goes down |

* Possible extra background/noise hit contamination in data
- Extra hits that somewhat match to the reconstructed track, efficiency goes up 1

- What fraction of hits that are noise hits, but are treated as signal hits due to their small L1
residuals?

* Hit detection inefficiency due to the threshold setting
- Assuming the threshold is set to be too high, efficiency goes down |

* INTT readout system (including silicon, signal transmission, processing, etc.)

- Hits are somewhat dropped along the way from detection to data storage, efficiency goes down
!

INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Things that might affect detection efficiency a&®,

* |s the residual cut determined by MC too narrow that makes efficiency go downl?

- Even if we have no residual cut (set the residual cut to be 20 mm), the efficiency
increases only 0.0393%

h1D_effi |1 _residual wide

£ h1D_effi 11 residua..
. . N w 107=" Entries 45664
Residual cut| numerator| Increment |denominator| efficiency - Mean -0.005731
- StdDev  0.07786
0.7 mm 45646 0 45787 99.6921 10°— Underflow 0
- Overflow 0

1.0 mm 45653 { 45787 99.7073 -

3 mm 45662 16 45787 99.7270 E

S5 mm 45662 16 45787 99.7270 10:_

20 mm 45664 18 45787 99.7314 §

jﬂl’

| l ) I — ll I {— l”ﬁ’J‘NJIIII | I ) I I — l I|Il | — I
0 S}

-15 -10 -5 10 15 20
L1 - (L2LO interpolation) [mm]

R
S

Threshold cut should not be the concern
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Things that might affect detection efficiency a&®,

* Noise hits been counted as good hits in detection efficiency measurement?

* Can be probed by cluster ADC distribution
’DT10:"'l"'l"'l"'l"'l"'l"'l; 10_2
< F SPHENIX INTT Beam Test 2021 - 10 = ’5105'"""""""""""""'
2 1L — = % - SPHENIX INTT Beam) Last-202T -
= — — — 1= =
ks o —— |Residuall < 0.7 mm ] - £ E = 3
107 &= Raw 5 — S Z |Residuall < 0.7 mm 1 [0
: 1 — 107 = 3-layer tight tracking E
107 = — ( . .
5 — 102 Best noise-free (pure |
. . - — track) sample = 10_4
10° $ = - 7]
§ = _ S _
- 10 1 == 10 =
107* = — —
N 1074 =
107° & 1 1 m__[ln._ﬂjllul | = E .
(23 L e S - A2 1 2 e ' — ' — ' j 1.4
= 1.2F R RPUTTITTRRRRRRRET? TICRRRN I | I [ EF EECPRPCRRRRRS feefeee R RRITTTRRR PR RRRR b THEHE- 1 2 | (REEERREE (ERRS R RCTTITRRPR  RRRRIIIEE S —
g ek — - ——— — — — 31110 WS W B I 7~ =258
O ogf HHHT|III1| 11 A W ttith it - —————— 1E
OJ0) St s Il || 11) 15 L AN [ s s vousisons svur= SRR AN ) (=1t St 1L 11111111811 1 | R S S St E ?
0 200 400 600 800 1000 1200 1400 1n-3 L | P R e e 0.8
ClusAdc (L1) 600 800 1000 1200 1400 =

ClusAdc (L1)

* (Left Figure) In the Raw distribution, more single-hit clusters with hit ADC =0
- The noise hits are reduced in the hit finding in the detection efficiency measurement
* (Right Figure) The 3-layer tight* tracking is the most powerful way to reject noise hits in the beam test configuration

- (Good agreement in the first bin = marginal noise contamination
Noise hit contamination is marginal

*tight: single cluster in each selected column, no cluster in adjacent columns, track slope < 0.01 and L1 residual < 0.7 mm
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Things that might affect detection efficiency a&®,

* |s the threshold setting of 15 ADC too high that might kill the signal leading to low detection efficiency?
Can be probed by the energy deposit distributions

0

Ratio = 7.25516e-06

ntegral 0-15 = 0.3065,
ntegral 0-210 = 42250.3702,

1
ntegral 0-15 = 0.1960,

Ratio = 4.59845e-06

ntegral 0-210 = 42618.2116,

L2

ntegral 0-15 = 0.3882,
ntegral 0-210 = 42598.5011,

Ratio = 9.11214e-06

LO L1 L2
’\.2200:""'"'|"'|"'|"'|"'|"'""": ’\.2200:":'"""|"'|"'|"'|"'|"'|"'"': A2200: SR L L L L
2 2000 SPHENIX INTT Beam Test 2021 = 2000 | SPHENIX INTT Beam Test 2021 - 2 2000- SPHENIX INTT Beam Test 2021 -
\51800; j;?gtilallzitl_andau(@Gaussian) _f \0718003_ Ii j-Sr(i)gtilall:itLandau(@Gaussian) _f n 18003_ :;gi:a::g_andau(@(}aussian) _:
q_) — Background (Exponential) ] G_) - | Background (Exponential) ] — Background (Exponential) 7
_E, 1600:— Background (Gaussian) —: _.E, 1600:— i Background (Gaussian) —: — 1600:— Background (Gaussian) —:
L 1400 t 2/ NDF : 12.12 /24 = 0.51 — W 1400F ! 2/ NDF : 8.54 / 24 = 0.36 — L 1400 2/ NDF : 13.04 / 24 = 0.54 —

C | Landau MPV: 70.83 = 0.70 ] - Landau MPV: 72.20 + 0.72 ] — Landau MPV: 73.08 + 0.77 ]
1200 | Siagn:I Purity (DAC = 40): 99.73% - 12001 S?gn; Purity (DAC = 40): 99.22% - 1200 s?gn:: Purity (DAC = 40): 99.55% -
10000 = 1000 | = 10000 ‘ -

800 = 800 | = 800 =
6001 = 6001 = 600/ -
4001 = 4001 | = 4001 =
200F = 200\, 7 = 200F- -
TR B v AU RN NN BU AT AN SO 1] . E.J_.I__I_L s 22 T AT i . ;.J_.I__L_. 2.4 SRR TR AT N T YT T IO i + =
OO 20 40 60 80 100 120 140 160 180 200 OO 20 40 60 80 100 120 140 160 180 200 OO 20 40 60 80 100 120 140 160 180 200
DAC value DAC value DAC value

The inefficiency due to threshold selection is very very small
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Extra test, tightening the slope cut

e The baseline is 0.01 with the variations of 0.007 and 0.013
e The tnal: 0.004

h1D_effi_l0I2_slope
| | | | | | | | | | | | | | |

©0000F ' -
9 8000 SPHENIX INTT Beam Test 2021
16000F :
14000F
12000F
10000f
8000F
6000F

40002
2000F L
- | = 0 B T

I T T S T R
-0.04 -0.02 0 0.02 0.04
Slope (L2 - LO)

Efficiency moves from 99.6921% to 99.7125%, no dramatic change
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Final, Run52 & Run89 combined

Hit Detection Efficiency (%)

Ratio to baseline

INTT meeting

Wider coverage in Y axis: -10 mm to 6 mm

Column variation, Run52+Run89
e Baseline (Run52: Column 8, Run89: Column 10)
0 Run52: Column 9, Run89: Column 11
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Residual variation, Run52+Run89
e Baseline (IResiduall < 0.7 mm)
o |Residuall < 1.0 mm
= |Residuall < 0.85 mm
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100.5

100

99.5 _$_—W—

98.5—

98 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

101 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

QO e

1'01"'I"'I"'I"'I"'I"'I"'

1.008
1.006
1.004
1.002

0.998
0.996
0.994
0.992

ST
i

- III|III|III|III|III'III|III|III|III|III

&
III|III|III|III|III'III|III|III|III|III

0.99 5+——

Y axis [mm]

0

(Combined)

Just for your reference, not used In the systematic

uncertainty estimation for the moment
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Final, Run52 & Run89 combined

Wider coverage in Y axis: -10 mm to 6 mm

Slope cut variation, Run52+Run89 Boundary cut variation, Run52+Run89
e Baseline (Islopel < 0.01) e Baseline (Hits of LO & L2 to edge < 8 channels)
o Islopel <0.013 o Hits of LO & L2 to edge < 11 channels
= Islopel < 0.007 = Hits of LO & L2 to edge < 5 channels
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*Statiscial error bars of varied data points are removed for better visualization *Statiscial error bars of varied data points are removed for better visualization
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Final, Run52 & Run89 combined

Hit detection efficiency (Combined)
It was: 99.576 t0-021(grqz.) ¥0-079(syst.) %

—().022 O 125
Numbers to be in paper (tentative) Itis :99.61 +8 8%(Stat ) +O Ol(syst ) %
GC) 1 _O1_I I | L | L | L | L | L | L | Tl | L | L I_ B | ] 102_I I | R | R | L | R | L | R | R | L | I I I
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© " o Syst. High, Column variation Z ’\E 101 __ N B
Mm 7 006: & Syst. High, Slope cut variation 1 7] o B i
—~ - Syst. High, Bound iati 7 - -
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g 1 002__ ) 1 L ] O 99;__ ____________________________________ S I o
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> | T I S PR e T :
- - . S o8 L h
0.998- =) - S 98 WP :
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0.996 q F - > 970 a1r -
- - 0 - -
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Plot to be in paper (tentative)

The 0.4% inefficiency can be due to signal processing (from detection to data storage) and simulation modeling limitation
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Number of reconstructed tracks

 Change the residual cut for track QA from 0.5 mm to 0.7 mm, to be in line with what used
IN hit detection efficiency

All columns included
L L L I L I R

SPHENIX INTT Beam Test 2021 Track position in data

- Dat — h2D TrackPos
107! = ata = 3 ==120
= DMC . £ 4 —1110
x
1072 - = S o6 —1100
— - —190
| _] 4
107% = —— — — %
= 5 2 70
1074 & =
— :t = -2 50
[ ] 4 40
10° & = 30
= — -6
- — . . 20
. -8 10
0

Column ID

Number of reco. tracks

Plot to be in paper (tentative)
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* Energy deposit distribution (DAC Scan)
- Genki: are the distribution shapes of U9, U10, and U11 the same? — Yes

- Takashi: what is the proper way to combine distributions = As what we agreed last week,
the statistical error inflation is removed, and the maximal variation is quoted as

systematic uncertainty

 Residual distribution
- Genki: In L1LO slope distributions, why there are dips in distributions? — As demonstrated,
due to binning effect

* Hit detection efficiency:

- [taru: the simulation should be a reference to determine the proper residual cut = As
demonstrated with simulation, > 99.995% of hits can be retained with a residual cut of

0.7 mm. Residual cut of 0.7 mm is then used in data

- Itaru: Any things that might affect the detection efficiency measurement — Yes, the effects
due to Residual cut, noise hit, and threshold setting are evaluated. And they are marginal

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 31






Scattering comparison with MC

 Method: LOL1 are used for reconstructing proto-track (have constrain), set L2 free

 Data: Run52, column U8, events with clone hit are discarded
 MC: beam spot at center of ladder, U11 is used

* For both data and MC:
|1 alignment correction and LOL1 slope re-centering applied
 Event selection:

* Single hit in each layer
* Hits should be at the Selected Column (SC) -

vy

e |LOL1_slope| < 0.01

e |LOL1_avg_pos| <5 mm (Ladder coverage: +10 mm) E
 Check residual: L1 - (L2LO interpolation) .

* Quantity used in hit detection efficiency analysis N

INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

 Method: DUT approach (Detector Under Test)

 Use LO and L2 to reconstruct tracks. When good track is found, check clusters in L1
 Data: Run52 and Run89
L1 alignment correction and LOL2 slope re-centering applied before event selection

Events with clone hits found are discarded
Tracking Single cluster in Selected Column (SC) of LO (abbr. SCLO) and L2 (abbr. SCL2) required
For three layers, require no cluster in adjacent columns (SC-1 & SC+1)

Edge exclusion (ladder bottom edge + 8 ch) < Y-pos of SCLO and SCL2 < (ladder top edge - 8 ch)
Cluster ADC Cluster Adc of SCLO > adcO && Cluster Adc of SCL2 > adcO
Track QA
Slope cut fabs(slope of SCL2 - SCLO) < 0.01
Track pos. Focus on beam spot region (Rund2: -6 to 6 mm, Run89: -10 to 2 mm)
Good track Residual Smallest |CL1 - CL2&CLO interpolation| < 0.7 mm
classification

~ Good Events and L1 Good Cluster Found ~ N(LO[ |L1{]L2)

Good Events N(LO(L2)
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 34
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Hit detection efficiency

(Only two layers for track reco., to improve the purity, tight selection required)

‘ Tracking

To minimize the ambiguity of track reconstruction

O
SPHERIIX

Single cluster in Selected Column (SC) of LO (abbr. SCLO) and L2 (abbr. SCL2) required

LO

Good

SC

LO L1 L2

INTT meeting

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

For three layers, require no cluster in adjacent columns (SC-1 & SC+1)

Bad

LO

Good

LO

SC

L1

L2

Bad

INTT meeting

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

e L0 L2
C SC
L1
LO L2

INTT meeting

Edge exclusion

(ladder bottom edge + 8 ch) < Y-pos of SCLO and SCL2 < (ladder top edge - 8 ch)

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

(Only two layers for track reco., to improve the purity, tight selection required)

‘ Tvarnls NA

INTT meeting

To minimize tracks reconstructed by noise hits

O
SPHERIIX

Cluster ADC

Cluster Adc of SCLO > adc0 && Cluster Adc of SCL2 > adcO

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

ITdCK WA

INTT meeting

h1D_effi_I0I2_slope

©0000F S

E 8000 SPHENIX INTT Beam Test 2021

140005 =

120001 } =

10000 =

80001 -

6000 -

4000F L -

R

~0.04 -002 O 0.02  0.04
Slope (L2 - LO)
Slope cut fabs(slope of SCL2 - SCLO) < 0.01

Cheng-Wei Shih (NCU, Taiwan) 39



Hit detection efficiency

h1D_I2_ClusPos_Raw h1D_I2_ClusPos_Raw
_g i L L I 'E _§18005| — T T T '{
£ 1400 SPHENIX INTT Beam Test 2021 _ [= 1600= SPHENIX INTT Beam Test 2021 -
LLI - - LLI -
1200f E 1400F
1000 - 12005
800 - 1000}
500" E 800E
- 5 600
400¢ - 400F
200f - 200F
[T NN S NN NN ST SO SN ST SO S SR S S S S - L
0 -5 0 5 0
ClusPos (L2) [mm] ClusPos (L2) [mm]
Track pos. Focus on beam spot region (Rund2: -6 to 6 mm, Run89: -10 to 2 mm)

The last criterion for the event selection
(Events that pass this one are then considered as Good Events, the denominator)

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 40



Hit detection efficiency

When Good Event is found, then check clusters in L1

SPHE

Good track
classification

Residual

smallest |CL1 - CL2&CLDO interpolation| < 0.7 mm

INTT meeting

P Good Events and L1 Good Cluster Found ~ N(LO[ |L1{]L2)

Good Events N(LO()L2)
Cheng-Wei Shih (NCU, Taiwan)
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Number of reco. tracks compared to MC

 Data Run64 (thin lead plate in between beam and INTT telescope)

e Method:

- Track reconstruction performed by looping over clusters of three layers in each column

- The combination quality is evaluated by fitting the clusters with slope line. The combination
with the smallest reduced chi-square is checked

- Good reco. track: Residual (L1 - L2LO0 interpolation) < 0.7 mm
- One column could have more than one reconstructed track in one event
- Single cluster can only be involved in one track

Dark b
- All 13 columns are checked ark box

= |-

e Key correction: L1 alignment correction for all 13 columns Lead plate

 |n data, events with clone hit are discarded

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 42



Number of reco. tracks compared to MC

* |n Data: L1 alignment correction for all 13 columns
* By fitting method (each column has different L1 alignment correction)
« Beam spot not wide enough to coverage the whole ladder
 The ladder L1 is slightly tilted in the Z axis with respect to LO&L2

SPHENIX INTT Beam Test 2021 sPHENIX INTT Beam Test 2021

11 alignment correction (TypeA) [mm]
11 alignment correction (TypeB) [mm]

Column ID Column ID

* |n Simulation: No L1 rotation, correction for all columns given by average of L1
alignments measured by columns U9, U10 and U11 (beam spot region)

INTT meeting Cheng-Wei Shih (NCU, Taiwan)

O
SPHERIIX

*Not to scale
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The update of the residual cut for hit detection efficiencygiak

o All Simulation points (blue circles) are with the detection efficiencies above 99.995% in the
given range (residual cut from 0.7 mm to 1.0 mm), and the statistical errors of blue circles are
in the order of 0.001%, which are marginal

e | therefore conclude that the residual cut should be in the range of 0.7 mm to 1.0 mm

 Procedures: ;@100'1é"""""""""" """" L -
* In data, measure the detection effi. with L1 residual <>J100-05:_ E
cut of 0.7, 0.85, 1.0 mm (to cover the control region) | S 100k L. =
« Set the effi. value with residual cut of 0.85 to be the E 99 95F- =
baseline LLI : -
 The variation of effi. values with residual cut of 0.7 _cf: 99'9;_ =
and 1.0 mm comparing to baseline would be the 9 99.851— - Data =
systematic uncertainty (which would be very close O - . MC =
to zero according to the black circles) O 99-85_ E
* No correction applied to data 99.75 —
* Since the Simulation shows over the 99.995% 99.7? k k k * k k k k k k k k —
detection efficiency in the given region 99 651 E
 (The Simulation is used to obtain the range of the 0. = o -
proper residual cut) 077075 0.8 085 09 095 1 105 1.1 115
L1Residual cut [mm]

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 44




| X
sPH EIX

Detection efficiency measurement
Basically set L1 to be free = L1 could have multiple clusters when a good track (formed by LO&L2) is found

Noise hits
The cluster that matches to the reconstructed track

3-layer tight tracking
Requiring only one cluster in the selected column (SC) of LO, L1, and L2

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 45



General information

A beam test experiment was performed at the end of 2021, ELPH, Japan
- Four ladders were placed in the dark box
* First ladder deactivated due to light leakage
- Beam time: 2021/Dec/07 to 2021/Dec/10
* Positron beam with energy of 1000 MeV was used
 Main goal: ladder hit detection efficiency

i - ol EY o ; . . A i
— ' A = ; o N,
- ) Tl A = ¥t
g : ’_; = 3 4 P =
i N | -V ) s i &
- P T — = A | s

Dark box

Iiadder L,
Ladder L,
Ladder L,

X

J_,(Bezam) Fingertip
y ® scintillator Trigger Trigger

[vertical) scintillatorl scintillator2)

Customized Geant4 model,
main developer: Genki

X‘\Tl' Y axis in beam test corresponds to the ¢ axis at 1008-IR
(beam)

Scintillators

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 46



Clustering - 1

Clustering was performed column by column
Tracking algorithm

Slot Original coordinate  New coordinate
Ull

Channel ID O Channel ID 255

Channel ID 127
Channel ID 127

N\ 11
12
d 3
Beam U24
U2 U24 0 Channel IDO
9 Hits (noise or signal ?)

42
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SPHE
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Clustering - 2

Clustering was performed column by column

Tracking algorithm

New coordinate Slot Energy-weighted method is applied
Ull
Channel ID 255 bl _ 5. o8
J ZTL ETL
Cluster 1 C, : position (mm) in y-axis of

channel n in cluster

E, : energy deposit of channel nin
cluster

P, :final position in y-axis of cluster ]
Cluster : the adjacent channels

]

I Cluster 2

i Cluster 1 Cluster 2
I

N\ 11
12 — = —
Chan_id:3456 8910
Beam ~ I Uoa 3 — —
T Cluster 3 reduce
Y

9 fired-channels -> 3 positions

Channel ID O

U24
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DAC Scan table )

INTT meeting

RunNumber | adco | adc1 | adc2 | adc3 | adcg | adcs | adcé | adcey
71 88 92 96 100 | 104|108 [ 112 |- 116
72 108 |- 312 110 |- 120 124 128|132 - |- 130
73 128 | 132 | 136 | 140 | 144 | 148 | 152 | 156
74 148 | 152 | 156 | 160 | 164 | 168 | 172 | 176
75 8 12 16 20 24 28 32 36
76 28 32 36 40 44 48 52 56
7 48 52 56 60 64 68 72 76
78 68 72 76 80 84 88 92 96

Cheng-Wei Shih (NCU, Taiwan)

Table 1: The threshold settings used for the DCA-scan runs.
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