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Cosmic data set

S 3 —:J—_:wa' :
T 2
A '—‘ﬂ‘;‘-ﬁ Layer 1: 12 APVs, 1 bonded sensor
RO ™ Layer 2: 36 APVs, 6 bonded sensor

s Layer 3: 36 APVs, 1 bonded sensor

_

Distance between two layers is 37
mm.

Data taken by Gerrit at BNL:

Old cosmic data are available at RCF (~ 500,000 events):
/star/institutions/mit/nieuwhzs/IST_TESTING/IST_PROTOTYPE_STACK_02-03-04/COSMICS

Latest cosmic data (run 3002 to 3032) are available at RCF (~ 400, 000 events):
/star/institutions/mit/nieuwhzs/IST_TESTING/IST _PROTOTYPE_STACK_02-03-04/COSMICS_Sep2012

400,000 events (latest cosmic data run 3002 to 3032 ) are used for the following analysis.
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Mapping structure

Readout numbering scheme |
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* Each sensor consists of 768 pads, which
are organized in 12 columns * 64 rows.
* Readout of each pad is done by the APV
chip which digitizes signal into 25 ns bins.
0 0 " * Each APV chip covers 128 pads (2
column> X Pad dimensions: 6.275 * 0.596 mm? columns * 64 rows)
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Pedestal and noise

Readout of each IST pad is done by the APV chip which digitizes the signal into 25 ns bins. Time bins

number is set to 7.

 The pedestal of each pad: mean pulse height excluding signals

 The rms noise on each pad: average variation of the pulse heights about the pedestal, excluding
signals

 The common mode noise of each chip (per APV): rms variation from event to event of the
common-mode offset per APV. Here the common-mode offset is defined as the mean pulse
height (pedestal subtracted) on all pads (belong to the same APC chip) in an event, excluding
those with signals.

Pedestal calculation:
1) calculate pedestals including signals and calculate their Means and Sigmas
2) calculate pedestals excluding signal which are out of range (Mean+PEDCUT*Sigma)

Common mode noise calculation:
1) Get the pedestal subtracted signals (128 channels) coming from the same APV chip;
2) Exclude the channels which are particle-related signal (w/ big ADC counts)
3) Calculate the mean value from the left channels

N = lis (N’,,: common mode noise per one APV chip)

™ n& " (S;: pedestal subtracted signal from it channel)

4) Loop over all events and fill N’_ into a histogram.
5) Estimate its RMS or Sigma by Gaussian fit.
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Pedestal

shape

Pedestal shapes at time bin O (fitted with Gaussian function):
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. Pedestal & RMS noise

Pedestal and rms noise at time bin O:

Pedestal vs channels
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Pedestal & RMS noise vs. time bin

Pedestal vs channels at all 7 time bins
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. Pedestal & RMS noise per APV
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Pedestal calculation cut -- PEDCUT
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Channel number

To estimate the detector occupancy,
the fraction of entries which locates in
range of (0, Mean + PEDCUT*Sigma)
over the total entries was calculated
for each channel, as shown in left
plots.

To do:
occupancy per chip vs. PEDCUT

PEDCUT was set to 3.0
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. Common mode noise per APV

During the common mode noise calculation, a cut was set to exclude channel which are
particle-related signal (its pedestal subtracted ADC absolute value > CMNCUT*RMS noise )
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Common mode noise per APV

CM noise estimated by RMS CM noise estimated by Sigma of Gaussian fit

common mode noise common mode noise
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Compared with the RMS noise, the contribution from common mode noise to the RMS
noise is around 10%.
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Pedestal subtracted signal

In the cosmic analysis, a raw hit cut (HITCUT) was applied: Signal to Noise ratio (S/N)
Pedestal subtracted ADC values above ( HITCUT * Sigma ) are accepted as a hit

Algorithm (based on Gerrit’s ARMdisplay.C):
1. Loop over all 7 time bins of the pedestal subtracted ADC pulse
2. Raw hit decision: (To do: find a new/better algorithm?)
(1) Pedestal subtracted ADC values of 3 consequential time bins exceed threshold cut (HITCUT)
(2) Pedestal subtracted ADC value of time bin 0 is smaller than the one of time bin 3
(3) Calculated rms noise of the current pad should be larger than minimum noise (12 ADC counts)
3. Find the maximum ADC of all 7 time bins and store as the raw hit’s value
Max ADC time bin
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. Cluster finding

Cluster finding algorithm:
(0) Sort hits by pad ID increasing order (pad ID = row + column®*64 ) for the 3 hit lists
(1) Regard the 15t raw hit of a hit list as the 15t cluster and tag it with ID index=0

(2) Loop every left raw hit of the hit list, and compare its row/column with all hit elements of the existed

clusters.

if hitList[i].row == clusterList[j].row && hitList[i].column == clusterList[j].column + 1 (same row) or
hitList[i].column == clusterList[j].column&& hitList[i].row== clusterList[j].row+ 1 (same column),

Regard the hit as member of the cluster, and calculate weighted row/column/ADC sum for the cluster.

else create a new cluster and tag it with ID index++

ﬂluster information: Vo \
1) Clustersize N X puster = E X, W,

pads =1 b

2) Cluster local position (X ,sters Yeluster) N s
3) Cluster ADC sum (ADccluster) Yetuster = Ei=1 Yi'W;

4) Cluster noise (o

cIuster)

w, = ADC,/ ¥ "™ ADC,

N
_ pads N pads 2
AD Ccluster o i1 AD Ci O Custer = \/ Ei=1 O; /N pads

KADC,, o, x; and y, mean ADC, rms noise, local position x and y of the it" fired pad’s /
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Cluster splitting

Currently, only clusters w/ size = 3/4 are taken into account splitting:

Cluster size = 3

(1) Find the fired pad which has the minimum ADC in the cluster

(2) Check whether the minimum pad locates in the position marked in green as below.
If yes, split the cluster into two clusters and re-calculate cluster information
If not, do not split.

2
| =™ -

Cluster size = 4 (for 8 simple cases)

(1) Find the fired pad which has the minimum ADC in the cluster

(2) Check whether the minimum pad locates in the position marked in green/brown as below.
If yes, split the cluster into two clusters and re-calculate cluster information
If not, do not split.
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Cluster splitting

Cluster size = 4 (additional 6 cases)

(1) Find the fired pad which has the minimum ADC in the cluster

(2) Check whether the minimum pad locates in the position marked in green/brown as below.
If yes, split the cluster into two clusters and re-calculate cluster information
If not, do not split.

H H + H

Cluster size = 4 (The following 5 cases are not splitted)

w = B BB
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Analysis cuts

PEDCUT = 3 fixed for pedestal/noise calculation
HITCUT = 10 fixed for layer 1 and layer 3

To study the HITCUT dependence of cluster size/residual/efficiency, the HITCUT varies
from 3.0 to 21.0 for layer 2.
HITCUT =3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 12.0, 15.0, 18.0 for layer 2

Track angle

To study the track angle dependence of the IST
performance, 10 angle windows are set:

Track angle bin = 4.5°

Angle window = (0, 4.5), (4.5, 9.0), (9.0, 13.5), (13.5,
18.0), (18.0, 22.5), (22.5, 27.0), (27.0, 31.5), (31.5,
36.0), (36.0, 40.5), (40.5, 45)

hQA_TrackAngle

Counts

|— I | Entries 75240

g
]

T \ o [k Mean 15.28

yi Tt RMS  8.182

Currently | can not explain why the entries in the
first angle window is much smaller than the N .
others. track angle [degree]
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Cluster ADC spectrum - Layer 2 (HITCUT = 5)

Single pad ADC spectrum (No clustering and no track angle correction)
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The cluster ADC spectrum (9.0 < 6,,,. < 13.5 degree) was corrected by track angle.

Layer 2: cluster ADC spectrum Layer 2: cluster noise spectrum Layer 2: cluster S/N spectrum
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Cluster ADC spectrum - Layer 2 (HITCUT = 5)

Cluster ADC spectrum were fitted with convoluted Landau and Gaussian fitting function.

Cluster ADC sum spectrum: 9.0 <etrack <13.5 Cluster ADC sum spectrum w/ angle corrected: 9.0 <0, <13.5
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Cluster ADC spectrum - Layer 2 (HITCUT = 5)

Cluster ADCs with/without path-length correction (track angle correction) can be obtained
by the convoluted Landau and Gaussian fitting function (MPV).
track angle dependence of MPV track angle dependence of MPV
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400

350

_ . -1 MPV = ADC/cos(0,, +6,), w/o track angle correction
MPV = p 0+ p I-cos™ 6 MPV,__=ADCxcos8,, /cos(d,, +6,), w/ track angle correction
* The MPV shows a linear relation with the cos 6 as expected
* w/ track angle correction, MPV vs. cos8 is not flat due to stack alighments
* The predicted MPV is ~ 441 ADC
* The rotation shift ,~ 5 degree
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Cluster ADC sum spectrum - Layer 2 (HITCUT = 5)

Cluster overall noise with/without path-length correction (track angle correction) can be
obtained by the convoluted Landau and Gaussian fitting function (GSigma).

GSigma [ADC counts]
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GSigma reflects overall noise (weighted value ~
43 ADC w/ track angle correction), and includes
contributions from:

1) Cluster rms noise ~18 ADC

2) Angular resolution ~16 ADC
~sqrt(2)*6.275mm/sqrt(12)/74mm * MPV ~ 15.3 ADC

3) Non-uniform gain (plus others?) ~ 35 ADC

Based on these noise estimations, it shows that the IST detector energy resolution is better
than 10%.
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~Additional Cuts for cluster size/residual/efficiency study

For cluster size/residual/efficiency study, events which has only one track passing through the
stack and fired only one pad on both Layer 1 and Layer 3 (cluster number =1 && cluster size =

1 for Layer 1 and Layer 3).

1) Find the cluster on Layer 2 which has the minimum residual ( = V(X .iqua * Xresidual T Yresidual ~ Yresidual) )-

Here X Xmeasured - Xprojected and Yresidual =Y Y
X = (X, + X3)/2, Y = (Y, +Y,)/2

residual — measured ! projected

projected projected

2) If its X
(Mean Y

(is in range of (Mean X, . 4ys * TRKMATCHCUT* RMS X, qiquar) @Nd itS Y, oqquq IS iN range of
+ TRKMATCHCUT* RMS Y, 4,a1), We call the found cluster is belong to the track.

residua

residual

TRKMATCHCUT was set to 3 for cluster size study.

TRKMATCHCUT was set to to 2.5, 3.0, 3.5, 4.0, 4.5 or 5.0 to estimate the influences on efficiency by
this cut.
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Cluster size - Layer 2
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Cluster size - Layer 2

To describe cluster size correlations with track angle, here fraction of clusters with size N in
all found clusters was used.

IST silicon sensor pad dimensions in X (6.275 mm) and Y (0.596 mm)

Fraction of cluster w/ size = 1 Fraction of cluster w/ size = 2
c:) 1_ 80.2_
= - . . . = - ® . HitS/Ngut>3 . . . . .
s F . . X * ﬁ *: - Lo 2 . . . . .
0.98 - - - - B |- P T T - (. K e wmndpgmnnns 0.18F= - "M -HtS/NGUt»d - s f e n e s s et ennasa s annnn
:g :g e i b sk "3: * [ A HitSNeut>5
0.96-_. ............... X .................. a4 P, 0_16-_..Y.'.Hi1$/N9'~l.t?§...'......'......'......'......' .....
C e . & vy O g o: F O HitSNGut>7 | . ' ' '

F L le. A o B .p..¢.. SIS S L S U A U U S
94E (] M h o . 0.14F A- Hit S/N eut>9 . . . . . ®
- A i ¥ A He - 0 HitSNGut>10 © : : : :
0.92F=-=-=~"=--- e ..-....h ..... 4....... ..... A 0_12_— '#""HRS/NEu't;ﬂ”' ..... e M wm am

PY . (o) . . 1 . . . . [ N [
- : : ‘e ° ] v : - %+ HitSNeut>15 . . . "
09 - @ - HtS/NGut>8 == 5= === qmn=mn- ‘......_....‘._---'. 0.1 '*'.'HRS/NIEu‘t>‘|8"':""": ..... L P L #.
[ W HisNeusa : : © om: A E : e » = o 2
0_88'_..A.:.H'LtS/Ne_u.t>5...-......-......-......-......-...!. 0_08'_....-......-......-.....l.....‘......-....v. .... Q.
C V. HitSNeut>6 . . . . . C . ‘o ‘A A \A A: . g
Q. HitSNgut>7 L daennn fenaan faneea - R . S A V% .....
O8O0 O iswesa " : : : : | TR R SR g @& U
L A HitSNout>9 . . . . . fe . N 4 . (3 . 0.
084 - “ g~ R GRERSIE " T r Tt 0.04F-M.. .9 2. .- %.4. SRR SEEREE
[ ¢ HitSNGut>12 . . . . C . . . : ' L .
0.82_—"*-'Hnsmou't>15"- ..... P g g g 0_02_ P .. ...,g....g;....ﬁ’....#....ﬁy,...‘:k.
F Y. HitSNGut>18 : : : : - . . . . . ; .
0.8-lllllllll lllllllllllllllllllllllllllll O-lllllllllllllllllllllllllllllllllllllll
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
0,ack [degree] 0)yack [degree]

2013-02-21 IST performance study with cosmic data — Yaping Wang 23



Cluster size - Layer 2

Cluster size in X as a function of track angle.

Fraction of charge share in X w/ size = 1 Fraction of charge share in X w/ size =2
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Cluster size in Y as a function of track angle.

Fraction of charge share in Y w/ size = 1 Fraction of charge share in Y w/ size =2
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Residual - Layer 2 (HITCUT = 5)

Residual distribution (w/ all cluster sizes) in different track angle windows.

Residual spectrum: Hit S/N > 5, 4.5 <6 <9
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Residual in X - Layer 2 (HITCUT = 5)

Residual distribution in X (w/ cluster size = 1 in X) in different track angle windows.

Hit S/N>5, 0 <0 < 4.5, cluster sizein X =1 Hit S/N > 5, 4.5 <6 < 9, cluster size in X =1 Hit S/N > 5, 9 <0 < 13.5, cluster size in X =1
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Residual in X - Layer 2

track angle dependence of Mean track angle dependence of o
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Residual in Y - Layer 2 (HITCUT = 5)

Residual distribution in Y (w/ cluster size = 1 in Y) in different track angle windows.
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:_ Prob 0 E | Prob 0 E Prob 2.652e-26
1200 500 200
1000 Constant 1788 + 46.4 3 Constant 813.2+ 30.3 F Constant 318.3+ 19.0
800 F | Mean 0.3298 + 0.0032 400 | Mean 0.3049 + 0.0039 150 || Mean 0.3085 = 0.0065
F | Sigma 0.1701+ 0.0026 300 F | Sigma  0.1487= 0.0030 [ | Sigma  0.1524+ 0.0050
600 - E 100
400 200F s
200F 100 50F
E 1 L 1 E 1 L 1 E 1 1 - L
0 ) -1 0 1 7 0 ) =] 0 1 7 0 2 ] 0 1 .
Y residual [mm] Y residual [mm] Y residual [mm]

2013-02-21 IST performance study with cosmic data — Yaping Wang



Residual in Y - Layer 2 (HITCUT = 5)

Residual distribution in Y (w/ cluster size = 2 in Y) in different track angle windows.

Hit SIN > 5, 0 <6 < 4.5, cluster size in Y =2 Hit SIN > 5, 4.5 <6 <9, cluster sizeinY =2 Hit SIN>5, 9 <6 < 13.5, cluster sizeinY =2

Entries 131 [ | Entries 568 180 FT Entries 851
o5f-| Mean  0.3697 0.05327 120 Mean  0.3208= 0.01921 160 | Mean  0.3549x 0.01615
RMS 05908+ 0.03767 00| RMs 04526 0.01359 140 F[Rrms 04664 0.01142
20 %2 I ndf 22.8/19 [ | x?/ndf 80.65 /27 E|2/nat 128.6/33
Prob 0.2461 80| Prob 3.009e-07 120 [ | Prob 3.179e-13
15| constant 27.41+ 3.91 [ | constant 118.2+ 8.5 100 |~ constant 139.8 + 8.1
Mean 0.3442+ 0.0198 60| Mean 0.3625+ 0.0096 80| Mean 0.3741x 0.0100
10| Sigma 0.1721+ 0.0174 [ |Sigma  0.1904=0.0104 F [Sigma  0.2395+0.0104
[ 60
40 E
s r 40F
20~ E
E 20
0 = =] 0 1 ) 0 2 = 0 1 > 0 ) 3 0 1 >
Y residual [mm] Y residual [mm] Y residual [mm]
Hit S/N > 5, 13.5 <6 < 18, cluster sizein Y = 2 Hit S/N > 5, 18 <6 < 22.5, cluster size in Y = 2 Hit S/IN > 5, 22.5 <0 < 27, cluster size in Y =2
220 E | Entries 1033 E | Entries 770 [ | Entries 487
200 E|Mean 03433 0.01306 160 Mean  0.3305s 0.01528 100 | Mean 03355+ 0.01883
180 E|RMS  0.4151= 0.009232 140 | RMS 0.4158+ 0.0108 [ |RMS  0.4125x0.01331
Fl.2 Fl.2 Fl.2
160 | #*/ et 144.2/34 120 # / ndf 86.39/32 80f| * / ndf 59.9/27
140 E | Prob 1.56e-15 F Prob 6.809e-07 [ | Prob 0.0002722
120 E | Constant 2271+ 11.2 100 :_ Constant 165.1+ 9.5 60 [ | Constant 1059+ 7.5
100 | Mean 0.3424 = 0.0072 80| Mean 0.3568 = 0.0081 [ | Mean 0.3401= 0.0101
80| Sigma 0.1813+ 0.0065 60 Sigma  0.1885+ 0.0079 40| Sigma  0.1886= 0.0096
60! E_ 40 :_ [
40 = 20
20E- 20 [
ok ot 0

Y residual [mm] Y residual [mm] Y residual [mm]
Hit S/N > 5, 27 <6 < 31.5, cluster sizein Y = 2 Hit S/N > 5, 31.5 <0 < 36, cluster size in Y =2 Hit S/N > 5, 36 < 6 < 40.5, cluster size in Y =2
F | Entries 287 E | Entries 146 Entries 62
60 40F 14
E| Mean 0.2997 + 0.0317 E[Mean  0.3437=0.02662 Mean  0.1809x 0.08526
50: RMS  0.5277+ 0.02242 35F| RMs 0.3161= 0.01882 12| RMS  0.6493+ 0.06029
E | %2/ ndf 50.33 /26 302_ %2/ ndf 19.46/8 10 %2/ ndf 12.31/12
40f| Prob 0.002872 E | Prob 0.0126 Prob 0.4211
L 2 |
[ | Constant 65.82+ 6.06 5 E | Constant 25.94+2.98 8| Constant 15.04 + 3.23
30F| Mean 0.3387+ 0.0112 20F-| Mean 0.3664 + 0.0211 Mean 0.3381x 0.0294
F | sigma 0.1631x 0.0101 15 E[sigma  0.2245: 00169 6 Sigma  0.1513=+ 0.0300
20F : 4
E 10F
10 5E 2
E E o 1 1 1
0 0 = = 0 1 0

Y rzesidual [mm] Y r2esidua\ [mm] Y %sidual [mm]
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Residual in Y - Layer 2

track angle dependence of Mean

?-44 — residual
E I Ciuster size jn Y = 1
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Weighted <0, o> IN Y is ~ 0.163 mm (cluster size = 1) and ~ 0.22 mm (cluster size = 2)
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Residual in Y - Layer 2

> as a function of Hit S/N cut

residual

<()'Y

resjdual
~
(6)]

|IIIIIIIII|IIIIIIIIIIIIII

<oyo > [mm!)

0.17

0.165

0.16

0.155

i [ | | | | | | [ | | | [ | | | | | | [ | | | | | | [ | | |
0.15 2 4 6 8 10 12 14 16 18
Hit S/N cut

Combined <0, 4 .> I Y is ~ 0.165 mm (combined cluster size = 1 and =2)
Expected residual resolution in Y is 0.2107 mm ( = sqrt(3/2)*0.596mm/sqrt(12) )
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Efﬁuency — Layer 2

Hit S/N cut dependence of eff|C|ency
> 1 -
(6] I H
s
s [
= :
w - :
095 _.i ....... - ....... ' ................. ....................................................................................................
Ch d f M M { -
B i 1 i I I 1 ¥ ] ;
- '
0_9__4,_._,.,{. ....... - f ....... i % ....... + + ................ b Sh 5
B TRKMATCHCUT 3*RMSX/YreS|duaI %
0.85— L - 0.<B1Tack.<..4..5 .................. FHUSS RN NUSTT FO U SRR P
- " 4550, <9 : 5 5 5 ;
I~ ‘ 9< Blrack < 13'5
- v 13.5 <0, <18
i ; 18 <050 < 22.5 ~
0.8 Eﬂ ........... 22'52'9‘};,;'2'27 .............. .................. ................. * .....
B ; 27 <0y, <31.5 : E E i :
B ; 31.5<0,,,, <36
L qf 36 <0,,, <40.5 | | I I I
0.75III4III6III8III10III12III14III16III18I
Hit S/N cut
Calculation of the integrated efficiency:
€= Nfound/N total
* Efficiency decreases as HITCUT increases, which
behaviors as expected.
[ ]

The efficiency is around 94% for most track angle

windows when HITCUT is less than 10.
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track matching cut dependence of efficiency

C 45< é <90’ A

oj TRKMATCHCUT 25 RIVIS XY resldual A A A

— . ........... TRK.MATCHCUT 3 RMs x/Y res'dUaI ............. 444444444444444444 ......

TRKMATCHCUT = 3.5 RMS X/Y residual : : :

TRKMATCHCUT = 4 RMS X/Y residual : :

__ ........... . ........... TRK.MATCchT 4 5 RMS x{Y regduai .......... -. ................. . ................ ; .....
H H é

TRKMATCHCUT 5 RM$ Xy reSIduaI

4 6 8 10 12 14 16 18
Hit S/N cut

Efficiency vs. track matching cut

About two percent efficiency lose while
using strict cut (2.5 RMS) instead of the
loose cut (5 RMS).
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To do

e Alignment (ongoing)

* Test validity of the cluster splitting (ongoing)

* Apply new cut for the efficiency calculation, like using IST silicon pad dimensions instead of RMS
residual cuts (data run is done, plots not available yet)
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