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Introduction

Hints on SVD Phase2 Configuration and signal readout
Brief introduction on the Center of Gravity (CoG)

How we did the CoG calibration using the timing informations of
the CDC

Final results on the resolution of the cluster time estimated by
CoG

Conclusions and future plans



Hints on SVD Phase2 Configuration

* SVD current configuration:
- 4 layers: L3, L4, L5, L6 (1 ladder each), positioned at ¢ =0

— Each layer has a different number of sensors: the L4, L5 and L6 have
respectively 3, 4 and 5 sensors of different types: BW + Origami and FW
(slanted); the L3 has 2 smaller equal sensors

y « Each sensor has 2 sides, U and V,
z (gxl Center of with a different strips configuration:
3 ylff ¥ the ring
A — U-side strips are of type p and
Gravity

measure the ¢ direction

. kL

FW sensor

— V-side strips are of type n and

: : | measure the z direction
Origami sensors

BW sensor



Hints on signal readout

* The signal of the strips is read by an APV25 chip
* Each APV25 read 128 strips and sample the waveform of each strip with a clock that

has a period of 31.45 ns
* APV25 — provides 6 samples of the waveform

* from the 6 samples we reconstruct:
APV25 Shaper Output (example)

ol T , - — the strip charge: the biggest charge of the 6
Amplitide samples
I 1— the strip hit time: it is the time at which the
60 APV25 signal start rising
)
20f . Waveform relative to a signal in a
strip which is sampled by the APV25
0
50 100 150 200 250 300 ~350 200
hit time Time (ns)



Center of Gravity (CoQG)

* How we estimate the hit time? Using the CoG!
* The CoG is a weighted mean of the time of the 6 samples

with the charge
APV25 Shaper Output (example) : E
100/~ A" S T r ' ' ] . tI.aWCOGr — Zn An Tn_ E
Amplitude : 1
(ADC) ' 1

* n:6samples,n =10, 1, 2, 3, 4, 5]
A :Charge of each sample
 T,: Time of each sample

50 100 150 200 250 300 350 400
hit time Time (@s)



Center of Gravity (CoQG)

e traw.,. estimates the peak time

Signal versus Time  (example)

100 - ;
et L peak time
mg[}cnm o /
: ,r" '&'.\‘ .
L / £
- If h :
“I | weighted
- / .
40— .- average
[ o
2'0 —— )
- f
ﬂ:_,._ ,.,....rl“ .\-ﬁ‘ﬁ"'_""'" e
e 2 " hit time
- ‘ I l . I. A A i A I. A i A A I A i A i l i A ' A I. A A A A
0 100 200 300 400 500 600
Time (ns)

We want the hit time

traw. . has to be corrected

The correction that we applied is
the peaking time correction
(strip-dependent)



Center of Gravity (CoQG)

Signal versus Time  (example)

ICH}:"' - : ---------------------------------- !
Oy peak time : ;
e 3 Lo | :

: / ?"‘ ! t :
3 " ; COG = —p.t.
“I }f weighted : P :
s0f- | average ,
E |/ R traveog .
2‘0_'— "
1 3 e ¢ D
F T — hit time — peaking time = constants +
o e e e e T e rising time of the signal (strip-
Time (ns)

dependent) (written on DB)

* tooc estimates the Ait time



Clusters time

SVDShaperDigits e Selection of strips .

CoG / the sensors .
Y

RecoDigits (hit time and amplitude informations...)

SimpleClusterizer

 J

Clusters (ciuster dimension, cluster position, cluster time, ...)

Cluster time = weighted mean of the strip times with charge




CoG Calibration

SVD + CDC Cosmics Run 2804 reconstruction

Cluster time estimated by CoG (applying only the peaking

time correction): tqog
Event time-zero estimated by CDC: t,

Scatter plot of t, versus tyyg distinguishing the different

Trigger Bins
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Trigger Bins

The APV25 clock has a period of about 31.45 ns. The “check trigger clock” has a
period of about 8 ns: it is more precise than APV25 clock.

Each Trigger Bin (TB) is the 8 ns wide window and it contains the informations
about:

— in which window the signal has arrived

— the shift in time between the SVD origin of time (first sample) and the CDC
origin of time

TB in which : TRIGGER Example

the signal is
|

cloc v | a1.45 0
0 &

8 ns

P

ol1l2l 3

o

Trigger Bins: 10



CoG Calibration

e (Cosmics run 2804
e t,[ns] versus tqog [ns]
« TB=0, , TB=2,TB =3
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 Linear correlation between t, and t yg!

* The TB are quite well separated for the V-side 11
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CoG Calibration

* Cosmics run 2804
e t,[ns] versus tqog [ns]
* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot

* f(x)=m - -x+q

50 — Entries 219 - Entries 219
= Meanx -23.75 C
A= u Meany 1248 oo L5 U-side Mean -23.79
wE - StdDevx  9.39 B
- ] StdDevy 1439 - TB =3 Mean y 1.237
20— - . .
E m e BW + Orlgaml Std Dev 9.373
10 = J E Std Dev y 14.42
0= 4 - p2/ndf  29.95/16
= . B
= L5 U-side 20— Prab 0.01828
—20 :_ .. I ER :
- | TB =3 0— p0 33.32+153
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CoG Calibration

* Cosmics run 2804
e t,[ns] versus tqog [ns]
* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot

* f(x)=m - -x+q

50 — Entries 170 = Entries 170
- Meanx  -10.68 0
w0z . Meany 02867 " L.5 V-side Mean -106
wE — Std Devx 9.449 C
= " StdDevy 1401] &~ TB =3 Mean y 0.2941
20= ‘* B ) . D 4
- a o~ BW + Origami Std Dev o
10 B Std Dev y 14.05
= - 40—
UE B xEIndi 19.47 /17
10— ] ) -
g L5 V—Slde A= Prob 0.3021
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- o TB = 3 o p0 16.29 4030
30— -
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CoG Calibration

Intercept g versus TB Slope m versus TB

q[ns]

o
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L5 V-side
BW + Origami

L5 V-side
BW + Origami
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* The slope m and the intercept g are different for each TB
* General trend that we expect if the linear fit is good



CoG Calibration

Time resolution defined as: A(T) = tooq — t,

Before the correction
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CoG Calibration

Time resolution defined as: A(T) = tooq — t,

Before the correction

€ 140—

T o
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2 r L5 V-side
e BW + Origami
80— -
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BU:_ e IB=1
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20 —
%65 T T T T

CDC

teoa -t [ns]
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CoG Calibration

* Correction to the CoG obtained by the linear fit of the ProfileX
of the scatter plot t, versus tqgg:

tcog =m - teog +¢q

* m and g have been obtained from the Cosmics run 2804
(reference run) and they have been used to correct the CoG in
the Cosmics run 2712 (a generic run)

* Correction has been applied to all layers and all sensors
(except the FW for Layers 4, 5 and 6) and to both sensors of
the Layer 3

17



Results

* Run 2712, CoG resolution before correction
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s
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Results

* Run 2712, CoG resolution after correction using the
parameters obtained by run 2804

= Entries 523
0
2
o, . Mean -0.6597
g * L5 V-side
c
=
8 100 BW + Origami Std Dev 4.939
¥2 / ndf 26.87 /16
80 * Improvement
Prob 0.04299

in resolution
+
of ~ 50 % Constant 112.1+6.3

60

40 Mean -0.2698 + 0.1680
- )
20 | Sigma 3.539 +0.121
[ —— J—
0 | I I I | I L = I | I L | | |
-60 -40 -20 0 20

40 coe
teoa -t [NS]



Results

* Run 2712, CoG resolution before correction

Count [4 ns/bin]
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Results

* Run 2712, CoG resolution after correction applied using
the parameters obtained by the run 2804

Counts [2 ns/bin]
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Results

* Run 2712, CoG resolution of L3 V-side (both sensors) before
correction

5 — Entries 233
S 45—
2 — M 26.2
AT | . ean —26.
g E ¢ L3 V-side
S wF Std Dev 8.565
A both )
30— ¥< / ndf 12.77 /10
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Results

* Run 2712, CoG resolution of L3 V-side (both sensors) after
correction using the parameters obtained by run 2804

Counts [2 ns/bin]

2
o

25

20
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— Entries 232
N Mean 0.1983
- e L3 V-side
- Std Dev 6.69
- both sensors
— 72 | ndf 19.66/ 15
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_ of ~
— Mean  0.6358 +0.4303
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I | | | | ,Tl | | j 1 | |

60 40 20 20 o 4

tCoG B to [ns]
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Results

* Run 2712, CoG resolution of L3 U-side (both sensors) before

D

correction
s E — Entries 486
2 90—
L F Mean -37.73
g so— * L3 U-side S D 0.5
3 = ta Dev :
© TD:— bOth ?g\ ,
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Results

* Run 2712, CoG resolution of L3 U-side (both sensors) after
correction using the parameters obtained by run 2804

= ~ Entries 272
_D —
5 B
8 25— Mean 1.814
[72] -
s - * L3 U-side Std Dev 9.949
(] 20—
- both sensors 22/ ndf 24.16 /24
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15— e There is no X
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o . Mean g 2.703 + 0.647
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Conclusions

* We observe a bigger improvement of resolution in V-side
than in U-side as expected

* The improvement in CoG resolution in the V-side is
quite good, ~ 3.5 ns for the L5 V-side and ~ 3.6 ns for
the L6 V-side (comparable with what we obtained from

the test beam), indeed the resolution is convolved with
the CDC resolution (~ 2 ns)

26



Plan for the future

* Repeat the same studies for the collision runs,
considering the clusters associated to the tracks

27
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Counts [4 ns/bin]

t, distribution
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Gounts [4 ns/bin]

t, distribution

L5 U-side, BW+ Origami
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Gounts [4 ns/bin]

oo distribution

L5 U-side, BW+ Origami L5 V-side, BW+ Origami
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CoG Calibration

* t,[ns] versus toyg [ns],

* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus toyg [ns],
* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus toyg [ns],

* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

t, [ns] versus tyog [nsl,
left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus tyyg [ns]

* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus tyyg [ns]
* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus tyyg [ns]
* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

* t,[ns] versus tyyg [ns]

* left: Scatter plot, right: linear fit of the ProfileX of the scatter plot
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CoG Calibration

L3 U-side, both sensors, run 2804 L3 V-side, both sensors, run 2804
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CoG Calibration

L4 U-side, BW+ Origami, run 2804 L4 V-side, BW+Origami, run 2804
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CoG Calibration

L6 U-side, BW+ Origami, run 2804 L6 V-side, BW+Origami, run 2804
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Counts [4 ns/bin]

CoG Calibration

* L4 V-side BW + Origami

90

80
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60

50

40

30

20

10

before correction

- Entries 406
é— Mean -21.19
— SDev 7626
— indt 824618
3 Prob 04098
é_ Constant  79.03 £ 4.88
3 Mean — -21.21%042
_ Sigma  8.081+0.308
l]:lll‘lﬁﬁlﬂll‘ﬂéﬂu —40‘”2‘0”'0 I2|UII4|0tlcosl_tgmlilgns]

CGounts [2 ns/bin]

after correction

90— Entries 363
80 f— Mean -0.2562
0= Std Dev 3533
0E 1/ ndf 6.153/8
e Prob 06301
40—
- Constant  80.25+5.63
30—
- Mean  -0.1124 +0.1976
20—
- Sigma  3588+0.177
10—
0 - IR B L ! T
30 20 10 0 10 20 30

tGoG ’ thc [ns]
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Counts [4 ns/bin]

CoG Calibration

* L4 U-side BW + Origami

before correction after correction
T C Entries 427
180 = - Entries 76| § “E
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Counts [4 ns/bin]

CoG Calibration

* L6 V-side BW + Origami

before correction after correction
T 120 Entries 534
C Entries 685 ﬁ -
B g
140{— = M 0,206
B Mean -20.26 % 100 — -
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Count [4 ns/bin]

CoG Calibration

* L6 U-side BW + Origami

before correction after correction
T L Entries 605
200 Entries 21 3 , -
80— Mean w7 5oL o 08
- S 60—
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120 C
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U-side and V-side different waveform

 The V-side and U-side have different waveform, due to the fact that electron
are faster than holes: this could contributes to the different estimation of CoG

simulation

signal (e-)

* The U-side resolution
for the L3 U-side is
influenced by the fact

U/P side

that we are joining both
sensors but we realized
that they are different

0 2 4 6 8 10 12 14 16 18 20 22
1bin=10ns
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Splitting of the Clusters

* Different entries between U and V due probably to not physics events or to
signals which start in event and propagates in the following event or to splitting
of clusters

[INFO] Processed: 1 runs, 1100000 events
U 1166723 0 |-38|-9
strip 250

U 1100723 © -35“-9
strip 254

U 1106723 0 |-48
strip 256

-9
To CDC

U 1100723 0 (-30[f-9 | T CoG
strip 260 particolarmente buono

in questo caso
V 1100723 0 |-24|-9

strip 294

* This problem maybe will be not a problem with collision tracks because the

clusters are smaller 48



Hints on SVD configuration

* Each sensor has 2 sides, U and V, with a different strips
configuration: the strips of the U-side are of type p and measure the

¢ direction while the strips of V-side are of type n and measure the z
direction

A
il ~ V-side
/ 3 ;
\_Iayers ///// // // /
5 G
Ve U h{ p———
3= /- a —~

....................................................

* U-sides are those that watch through the I.P.
* V-sides are those that watch through the CDC
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