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CNFN  Time Calibration status BESTH

Istituto Hazionale di Fisica Nucleare

Time-walk: the signal amplitude affects the time
measurement. The correlation between charge and time is
studied as a function of the threshold levels

0-80 ns contributions

Time-reference: Tiger chip are synchronized but the time tt
measurement of the same event can differ due to geometrical
differences (i.e. routing, strip length, etc) ‘\ o
¥ Y=g o
‘f!u': = Thir _@ \ i
0-40 ns contributions Zhit = thy ~ Udrifi 6.
bit . : \ =
Xurpe = & }:;h-h g '\:1.\ i e
Time-propagation: The signal propagation from the induction \ _
point on the strip and the electronic channel affects the time
measurements
0-5 ns contributions . ==
Layer 2 0.51¢ 0.59¢
Layer 3 0.35¢ 0.57¢
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CNFN  Time Calibration status BESTH

Istituto Hazionale di Fisica Nucleare

Time for Tiger 12 View 0

A time calibration code has been implement in CGEMBOSS since late 1000 pam
2020 e
--> Cgem/CgemTimeCalibration 00-00-03 0 ligyesomsnbrotivgai
A fitting procedure has been tested to extract the time value for time- goo|  revemn
walk and time-reference for all the channels/FEB/threshold with a I s
success above 95% so—
A correction procedure has been developed to apply time-walk and 200|—
time-reference with a recursive procedure .
O_JaJoo' ces S =S BN g
Small improvements are introduced on the uTPC spatial resolution Time [ng]
A strange behaviour on the time-walk has been observed in the low _
. 1° Step: Time reference 5 Time walk
charge region srily “tiger & gsaufC for each tiger

Q>30 fC

v
° o Time reference .
2° Step: p oy x3 Time walk
only tiger or each tiger

Time reference

3° Step: for each tigerr :
x3 Time walk

also channels
Time reference\
for each channel
2
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INFN A large discussion on the signal shape BES

Istituto Hazionale di Fisica Nucleare
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Signal shape effect -> some information have to extracted from experimental data
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@\'?N Stefano suggestions BESTH

Istituto Hazion

1. Test the TR of two strips L2X having the same threshold from the same FEB/chip (Q>30fC)
— we expect the same TR

2. Test the TR of two strips L2X having the same threshold from different FEB (same chip and same

GEMROC)
— evaluation of the relative TR between these two chips from the same GEMROC

3. Same as 2 but we consider two couples, the former a threshold value, the latter with another threshold value

- the relative TR of the two couples should be the same

- - — ok within 5-8 ns (uncertanty on the time evaluation from the fit)
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Istituto Hazionale di Fisica Nuclear

1. Test the TR of two strips L2X having the same threshold from the same FEB/chip (Q>30fC)

CgemTimeCalibration: TimeReference

- we expect the same TR

* channel * strip_x_| b* Iayer* sheet* thr T fC* thr E _fC * timeref_t * par5_chan *
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Mean time = -11.28 ns

Each time/channel is compatible with the mean value
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C NN CcgemTimeCalibration: TimeReference BESII

Istituto Hazionale di Fisica Nucleare

2. Test the TR of two strips L2X having the same threshold from different FEB (same chip and

same GEMROC)
- evaluation of the relative TR between these two chips from the same GEMROC
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Istituto Hazionale di Fisica Nucleare
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CgemTimeCalibration: TimeReference

BESII




INFN

Istituto Hazionale di Fisica Nucleare

2021.11.08
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CINFN CgemTimecCalibration: TimeReference 2.0 BCSII

Istituto Hazionale di Fisica Nucleare

- Extended the evaluation of the TR on all the channels X with Q>30fC
- Evaluation of the mean TR
- The mean TR differs from the one measured on the TIGER

Tiger 49 - View X
'@' E Tiger 49 - View X
'E' C —— TR channels
8 - —— Mean TR channels
= 0 o -10— —— TR Tiger
£ E 2 T
v _gb e C
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Istituto Hazionale di Fisica Nucleare

CgemTimeCalibration: TimeReference 2.0

Time for Tiger 49 View 0

BESII

- Extended the evaluation of the TR on all the channels X with Q>30fC

- Evaluation of the mean TR
- The mean TR differs from the one measured on the TIGER

1200

Is the mean TR better than Tiger TR?
--> Most of the times they are compatible

T,o=17.68 £ 074 ns
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CINFN CgemTimecCalibration: TimeReference 2.0 BCSII

Istituto Hazionale di Fisica Nucleare

How to threat V strips?

The TR of both views is similar

Can we fit them all togheter?
--> Here it seems yes

Tiger 49 - View X Tiger 49 - View V

@ L Tiger 48 - View X @ F Tiger 49 - View V
s LC —k— TR channels 2 0 - —&— TR channels
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CINFN CgemTimecCalibration: TimeReference 2.0 BCSII

Istituto Hazionale di Fisica Nucleare

How to threat V strips?

The TR of both views is similar

Can we fit them all togheter?
--> Here it seems NO

Tiger 66 - View X Tiger 66 - View V
g‘ 10 - Tiger 66 - View X @ = Tiger 66 - View V
'3' B —&— TR channels =5 B —&— TR channels
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CINF CgemTimeCalibration: Step 2 BESTT

Istituto Hazion

1. Time-Reference for X and V view is measured separately for each chip by means of the MEAN
TR method for Q_hits > 30 fC

2. We check the TR goodness

2021.11.08 Riccardo Farinelli — Bes3 ITA Sex 16



CINFN CgemTimeCalibration: TR goodness BESIT

Istituto Hazionale di Fisica Nucleare

1° round 2° round 3° round
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Time alignment is good after the first round within few ns around zero
. . . 2
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@?\' CgemTimeCalibration: Step 3 BESI

Istituto Hazion

1. Time-Reference for X and V view is measured separately for each chip by means of the MEAN
TR method for Q_hits > 30 fC

2. We check the TR goodness

3. Now we can evaluate the Time-Walk for each chip
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CINFN - CgemTimeCalibration: TimeWalk BESII

Istituto Hazionale di Fisica Nucleare

Evaluation of the time-walk on a single chip.
No time correction are applied.
Only X strips are shown

Time Walk Time Walk
2k —%— thr_fC=1 Z [ B — o
% 30— —— thr_fC:2 g = —— thr_fC=2
E B ¢ Ihr_fC—S = 20_ —&— thr fC=3
- = - —&— thr_{C=4
20— d— thr {C=4 - —@— thr_{C=6
- 10—
10= C
= o
D_— :
_1[]_— 10—
-20_— e
U_ Iéllll1|[)llll1!5|III2|DIII|2|5||||3|DIII :I co e v b b e b b Ly
charge [iC] 0 5 10 15 20 25 30 35 40
e charge [fC]

FEB 25 FEB 25
chip 0 chip 1

RUN 17
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C NN cgemTimeCalibration: TimeWalk 2.0 BESII

Istituto Hazionale di Fisica Nucleare

Evaluation of the time-walk on a single chip.

Only on X strips.

Time evaluated from strips with the same threshold
After the TR the points are shifted of about 20 ns

Tiger 49 Tiger 49
10 —4— O<thr<d fC 30 —+— 0O<thr<1 fC
I —— 1<thr<2 fC —¢— 1<thr<2 fC
5 i 2<thr<3 fC 05 2<thr<3 fC

v

0: 20f-

5;— 15?—

'10; 10?—

'155— si—

B e R R N ob g
Before TR After TR
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C NN cgemTimeCalibration: TimeWalk 2.0 BESII

Istituto Hazionale di Fisica Nucleare

We compare the TW from different chips after the TR alignment

- Tiger 49 i
C 40— O<thr<1 fC
30 I —4— O<thr<1 C B i
- —4— 1<thr<2 fC B
25 :_ & 2<thr<3 fC 20 —
20 % i A
15— 20—
10~ 40|
s 60—
07|(|)| L |é| Ll I-|D 3 '20‘ 25 30 35 T | | | | P ‘ | |
0 5 10 15 20 25 30 35 40
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Istituto Hazionale di Fisica Nucleare

Thank to the TR the TW spread is reduced

Time walk [ns]

CgemTimeCalibration: TimeWalk 2.0

20— O<thr<1 fC

ol
0l
40|
60—

:\ | L1 I 11 1 | | I | | 11 | 1 [ | | | ‘ L1 1 | | [ L1 | |

5 10 15 20 25 30 35 40

Charge [fC]
Before TR

2021.11.08

BESII

O<thr<1 fC

Time walk [ns]

-20

-40

-60

OI 11 I5 10 15I 11 I20I 1 I25\ 1| \SOI 11 \35I 11 I4

Charge [fC]
After TR
RUN 17
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C NN cgemTimeCalibration: TimeWalk 2.0 BESII

Istituto Hazionale di Fisica Nucleare

Can we extract an average TW for all the chips?

Lets use some selection to improve it

The mean value is evaluated for each charge.

Points with a large difference from the mean value are rejected

£ 40 O<thr<1 fC 2 g 2 F
= 4or <thr< = 40_ O<thr<1 fC = O<thr<1 fC = 40— O<thr<1 fC
= T g g ER
GE) 20 o [ GE) ® -
= £ 20 E E 20—
Oﬁ 0_ 0__
r - e
20 20 20
»40_ _40_ _40; — e
'60_ -Goh -60_—
| | Ll | P | |
0 5 10 15 20 25 30 35 40
Charge [fC]

RUN 17
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Istituto Hazionale di Fisica Nucleare

CgemTimeCalibration: TimeWalk 2.0

Here below are shown the TW lines for the other threshold with a 2std cut

7z F gsoj w5 F
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Time walk [ns]

INFN - CgemTimeCalibration: TimeWalk 2.0

Istituto Hazionale di Fisica Nucleare

Lets see the results of the TW as a function of the cuts

- —&— o<thr<ifC z C J——TrETY B C —&— odthr<ifC A - —&— o<thi<iIC
E —e— 1dhr2fC £ C M 12 10 = L — & idhe2iC o - —e— i<hr2(C
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25— —&— 3dhraAfc = 5 . Sthr<d 1C H 25; e 3dhrdfC i 25; —— <t fC
C 4<thr<5 1C uE) [ a<thr<5 1C 8 [ 4<thr<5 1C £ [ 4<thr<S IC
C o < S<thr<6 fC £ C o« PY Sethr<6 1C fi = - —@— 5<thr<BC = [ —@—— 5<thr<6fC
20— C F L
L 20— r
L 20—
- L 20—
15 15— 5E r
- C C 15—
10— 10__ r L
o F 10— C
C - C 10—
5 51— C [
L = 5 C
o of- r S
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30 35 e b b b b b b by ol i
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Charge [fC] Charge [fC] Charge [fC]

No cuts 5 std cut 3 std cut 2 std cut
RUN 17
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C NN cgemTimeCalibration: TimeWalk 2.0 BESII

Istituto Hazionale di Fisica Nucleare

| tried to increase the number of points and the behavior at low charges is confirmed

A - —@— O<thr<IfC @ 40 - —@— 0<thr<t IC
s = —@— 1<thr<2iC ;‘ = —@— 1<thr<2fC
© W 2<thr<3 1C g 35— 2<thr<3 fC
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GE} 25 [ 3 4<thr<5 fC E 30 4<thre5 fC
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C NN cgemTimeCalibration: TimeWalk 2.0 BESII

Istituto Hazionale di Fisica Nucleare

Check the convergence of the TimeWalk corrections after one round

o (o]
1° round 2° round
A 40 —@— O<thr<1 iC @' - —— 0<thr<1 iC
T - —@— 1<thr<21iC - 10— —e— thr<2fC
© 35— 2<thr<3 fC © e 2<thr<3 fC
= o —&— 3cthred fC = - —@— 3<thr<dfC
GEJ — 4<thr<5 iC C'E"' 51— 4ethres 1C
= 30— = E
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251 °F%¥
20— S
15— ,102_
5 .
: *20_—
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s 25—
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CINFN CgemTimecCalibration: TimeWalk comparison BESII
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Go to the main page
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Data B
calibration CGEMBOSS Silicon

RUN 17 simulation calibration

Data calibration shows a lower TW in the low charge region.
Data calibration and CGMEBOSS simulation “share” the same signal shape
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tpc resolution in R ™ phi (mm) vs L1 ang,
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The uTPC is affected by the time correction used.
An improvement is shown for the red line and a worsening for the green line.

--> we need to repeat the green study with a large signal length (100ns instead of 50ns)
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tpc resolution in R * phi (mm) vs L1 ang,
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The uTPC seems “flat” between 10° and 25° (and this should be enough for the BESIII requirements -> do not spent time above 25°?)
The contribution of the tracking system impact this measurements and its evaluation in underestimated (my personal option)
--> |t is possible to evaluate the tracking system contribution with a technique similar to the TOY-MC within CGEMBOSS and the real
--> geometry?
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TOY-MC: tracking contribution

Toy simulation

1. Randomize the position of the cosmic ray [0, R_L1]

D)

=
T

and L2down

3. Evaluate the expected CC resolution at the impact point using the function

Contribution of the

tracking system
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Toy results

1. The thrend of the constribution of the tracking system now is reasonable with
respect to the one shown on April 8

2. This results is important to understand the behavior of the pTPC once the incident
angle is larger than 15° but it does not explain the difference between uyTPC

(See next slide.)

3. The MC resolution for L1 matchs the experimental data but the MC resolution of
L2 does not. L2 seems to be different from L1 or the systematic are not measured
properly. A different function could be used to estimate the CC resolution as a
function of the angle for L2.

(Compare the plot of the previous slide with the one in the next.)

while in the planar GEM it has a linear behavior. This is not understood.
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Let’s test the merge algorithm within CGEMBOSS
Reminder: studies from planar GEM used two method:
- based on the cluster size
- based on the incident angle

Inside CGEMBOSS we will test the first one

Tmerge = Wee (Tee — Aee) + (1 — Wee) Tipe
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merge resolution in R ™ phi (mm) vs L1 ang
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The same algorithm used with planar GEM is not effective for large angles
--> Let’s try something else
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Istituto Hazionale di Fisica Hucleare % 7:
. . . (__:) F 1.1
merge resolution in R * phi (mm) vs L1 ang °F L1
— = + 4k
£ 1.2 : :
E, - Charge Centroid 3 N
s SR R T i s
° 1 Merge w/ w_cc = 0. if nHit>4 _l-'_ e
@ B o s 0I5 20 s 0
ys] - , Graph
E 08+ £ f
o) L - r
@ 29
(-} — ‘-_:3 5: 1.9
o L - L2
= 0.6_ jE
= C
. af : : .
0_4_ AU P
. 1; | | | | | |
0-2 . ] ] ] | ] ] ] ] | ] ] ] ] ] 0 ° 10 15 20 Incideznst anqle?geq]

P B !
30 40
Incident angle [deg]

o
—
o
Mo
o

The same algorithm used with planar GEM is not effective for large angles
--> Let’s try something else
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mergeresolution in R * phi (mm) vs L1 ang
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The pink lines seems to be the best solution. It copies the CC below 15° and it follows the uTPC above 25°
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This studies has to be performed for L1/L2 and Phi/V separated.
--> Preliminary studies do not impact significantly on the “best” merge
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CnFl Old Conclusion BESTT

The behavior of the time-walk is different from chip to chip.
--> There was a time shift but the trends are similar

These differences have to be investigated: Statistic? Impinging angle? Noise?
--> Fluctuation | guess

Some trend looks similar. We need to apply the time-reference to test if the behavior is the same
--> Done

We need a separate approach to the low charge region: increase the charge bin from 5 to 1 fC?
--> A different bin size does not solve the problem

What is the impact of the saturation in the high charge region? Do we have to remove the saturated
hits?
--> Still to be investigated

Do we have to use the “cleaned” sample from the CgemLineFit algorithm?
--> Still to be implemented, this is the latest study to understand the TW from data

2021.11.08 Riccardo Farinelli — Bes3 ITA f;é,»‘( 38



CNFN New Conclusion BEST
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The TW evaluated on the data is a good starting point for our studies. An impact on the uTPC
resolution is provided by the TW (no significant impact are shown by the TR alone and no TW)

The merging algorithm evaluated with planar GEM (and APV) is not effective. More news might
come from the latest TB with TIGER and triple-Gem but my opinion is to focus our studies on the
CGEM (because the CGEM+TIGER still differs from the GEM+TIGER)

A merging solution has been found to have the best from CC and uTPC but
--> the evaluation of the tracking system contribution is need within CGEMBOSS. This is very
important for the fine uTPC calibration (i.e. more TW and TR loops, TR for the channels,
diffusion and capacitive corrections ...)

--> As soon as the merging function will be implemented in RecCgemCluster we need to use
the merge in the QA and CgemLineFit

2021.11.08 Riccardo Farinelli — Bes3 ITA f’é‘( 39



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39

