A study of clone hit |l
G. Nukazuka (RIKEN/RBRC)




The flag history of the previous event
was hot cleared.

Analysis Steps o

Data
« Run 26960 (the latest cosmic run), merged event-base TTree

1st loop

hit1 hit2

Steps
1. Finding noisy channels and removing them

* Noisy channel analysis was not the main topic of this study. | did it quickly.‘ ,

hith Set of hit1, hit3,
and hit4 is saved

* About 4% of all hits, including the clones, were removed. « Here was a bug!

2. Making a hit-base T Iree from the merged event-base T Tree .- 2nd loop
{ :hit2

* | think a hit-base TTree is better for this analysis. To add some additional '~

information and not to affected by the bugs in the decoder, | made it. hit6

3. Looping over all hits in the hit-base TTree (hit.7), and bitT

hit$8 Set of hit2, and
hit5 is saved |

(@) if a clone candidate is found, information of fi/t..r is saved into another TTree. ,/

(b) Looping over hits (hitc.,) later than hiter, and _
(i) 1fABCO full = - BCOrer > 1000 = 106 ps, ignore it, | aio0n
(i) Check whether is a clone candidate of hit.r ¥ hit6 hit7

N =7 T

(pid, module, chip_id, chan_id) hits  ~
(i) If IS a clone candidate, attach the info to hit.r, and save them ;' * No clone found, .,¢

nothing saved.



Analysis steps

Data
* Run 26960 (the latest cosmic run), merged event-base TTree
Step
3. Analyzing the TTree produced in step 2.
(@) Checking # ( = )/ #
(b) Checking # ( = )/ # as a function of ABCO full =
(c) Checking # ( 7 )/ #
(d) Checking # ( £ )/ # as a function of ABCO full =
(e) etc.



Analysis, Clone hits with the same ADC as the reference

Data

* Run 26960 (the latest cosmic run), merged event-base T Tree

Step
3. Analyzing the TTree produced in step 2.

(@) Checking # ( = )/ #

Entries

In the merged TTree

#events . 237408
#events with hit(s) : 197526
#hits : 6158266
After noisy channel rejection
#hits . 5930658 —> 5530085
#removed hits . 227688—> 628181
#hits / event . 3690~ 28.0
After step2 (ABCO cut)
#reference hits . 35> 77455
#clone hits . 13183—> 1184450
with the same ADC : 131H/5->1181926
with different ADC : 9-> 2524

107 &

10°

10 &

| | | | | | | | | | | | | | | | | | | I—E

hist_can_ref _

Entries 75947 =

T Mean 16.06 —=

Std Dev 27.45 -

Underflow 0 -

Overflow 0 B

nﬂ|.ﬂ.|...|...|...|...|..E
20 40 60 80 100 120

Ratio

#clone hit / reference hit



Analysis, Clone hits with the same ADC as the reference

Data
* Run 26960 (the latest cosmic run), merged event-base T Tree
Step
3. Analyzing the TTree produced in step 2. Those are at ABCO full = 0
(b) Checking # ( = ADCrer) [ #hitrer
aS a funCthn Of ABCO full = _ BCOI’ef % 1 1 | T 11 | [ I T 1 1 | I | 1 lhi;t Icaln |relf \:s |b;o| 1 |: 8
o Enties 75947 | — “é
120 Mean x 380.1 L
= Mean y 16.06 | _|#= 10?
e Std Dev x 1320 | _|
O Std Doev y 5 27.35 |
En LIEERE L - 8 100 0 | 75946 e
: ooooo : @ q) 0 0 0 — £l
g:tEe O 5 10°
%v, 283 | qq;) 80 = §
N gfﬁ%gg ik ~ - _ | =
: & |
| —_8 E 60 _ _.T_z 102
- =5 O - 1=
_O C =2 —
g ik O apl- £
: = 40F .
; 1 = 188 10
o 20 |- . o
- R E Those are probably random noises. -
L R =
LMMC SO U O, oot S ot Eot O oot O s oy IO pe ey oy o e e o R T S O = = o e FNL T e I e P :
= = = projection % 1000 2000 3000 4000 5000 6000 7000 8000 9000 1

ABCO full = - BCO,.s ABCOHull

The clone hits with the same ADC as the reference hits’ have the same BCO full,
I.e., in the same event. (This conclusion is not changed.)



Analysis, Clone hits with the same ADC as the reference

Data
* Run 26960 (the latest cosmic run), merged event-base Tlree 99.9% of all
Step
3. Analyzing the TTree produced instep2. 8 .~ 1 """}/ "' T "7 TT7 77T :‘st 'ca'm' a'd; e
. . . y—4 = | =
(b) CheCk|ng #hltcan (ADCcan = ADCref) / #hltref Lﬁ - Entries_ 1_1 81926 =
as a function of ABCO full = BCO fullcan = BCOrer - Mean 0.004408 | -
. . d— Std D 0.1301 | —
(b’) Checking ADC of #/t.., (ADC.n = ADCrer) ol oty S
B Overflow 0| _
10 S =
SRRERRRRARE B -
Em:'ess:—ref—a:;m E 103 = =
Mean 0.05288 = —
Std Dev  0.4456 __ B =
Underflow 0 g L i
Qverflow 0 . 102 E_ _é
. 10" =
_: : R [ | | | s | | | S AR [P N CRRE el | SO el [EINGR) I I — | I I — | L1 1 | :
- 0 1 2 3 4 5 6 7 8
S — - ADC distribution of the clone hits s
0 1 2 3 - 5 6 7 8 "

>
O
O

ADC distribution of the reference hits Note. ADC of all clone hits are drawn. Almost ADC =0



Analysis, Clone hits with different ADC from the reference

Data
* Run 26960 (the latest cosmic run), merged event-base T Tree
Step
3. Analyzing the TTree produced in step 2.
(c) Checking # ( # ADCrer) / #Ditrer
.8 : 1 1 1 l 1 | 1 l 1 1 | I ] ] ] I ] ] ] I ] ] ] l I I

E hist_can_ref diff adc .
10° 1t + A DCref Entries 2355 | __
H Mean 1.072 -
i Std Dev  0.3341| -
8 SE ESEES DESEE D a s R a D CE LR s Il Underflow 0 -
i g0 # ADCrer Erios—— 5964| — [ Overflow 201 -
E Mean 1.497 | - 102 —_—
- Std Dev 1.784 | - 1= -
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B Overflow 0 n -
10° =— — h
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Analysis, Clone hits with different ADC from the reference

adcs - hit.adc

Data OO S S S S S S L
- Run 26960 (the latest cosmic run), merged event-base TTree subey oo
Step 3 ;
3. Analyzing the TTree produced in step 2. e 2 80 of ol
(C) CheCking #hitcan (ADCcan % ADCref) / #hitref 10’%— —é .
mi_ ....... |_ _i
e :

AADC = ADCecan - ADCrer
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W0’ = ADccan * ADCref Entries 2354 | _— < .

C Mean 1.497 = 7 e . ...................... : rvrenees Entries 1184450 |-

- Std Dev  1.784 | - g = Meanx 0.007625 | H—< 10°

B Underflow o — o N 22 HEEREES R R O0w Meany 0.007769 | =
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Summary

Data
« Run 26960 (the latest cosmic run), merged event-base TTree

Step

3. Analyzing the TTree produced in step 2.
a) Checking #hitcan (ADCecan = ADCrer) [ #hiter
b) Checking #hitcan (ADCecan = ADCrer) / #hitrer as a function of ABCO full = BCO fullcan = BCOyer
Checking #hitcan (ADCean 2 ADCrer) [ #hitrer
Checking #hitcan (ADCecan 2 ADCrer) / #hiter as a function of ABCO full = BCO fullcan - BCOyer

From the latest cosmic run 26960,

- Clone hits with the same ADC as the reference hit have the same BCO full. (same conclusion)
« IN MOST CASES, the ADC value of clone hits with the same ADC as the reference hit is 0. (same conclusion)
- A very tiny amount of clone hits with different ADC from the reference hit were found. (same conclusion)

Let’s check other cosmic runs. It’s easier than beam data.
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hist_can_ref vs_bco =

Entries

||

A Entries 75047 | —

naivsis er runs
, Meany 16.06 | _|
Std Dev x 1320 | _|
Std Dev y 2745 | |

0 0 0

Dat a 0 | 75946 1

0 0 0

* Run 26960 (the latest cosmic run), merged event-base TTree 10°

— | et’s check other cosmic runs!

[ T T I R —

10°

In the merged TTree 10
#Hevents - 237408 .
#events with hit(s) : 197526 | | | _ . . _ g
#hits : 6153266 00 2000 3000 4000 5000 6000 7000 8000 9000 |

After noisy channel rejection SRR
#hits . 5930658 —> 5530085
#removed hits . 227/608—~> 628181
#hits / event : 300 28.0

After step2 (ABCO cut)

#reference hits : 3/85—> 77455
#clone hits : 13183 —> 1184450
with different ADC : 9- 2524 are checked.
Run #hitcan (ADCcan-'/-' ADCref) #hitcan (ADCcan = ADCref) Ratio
2457 1171349 i . .
26960 0.002 Clone hits with the same BCO full as the reference are counted.




Analysis, Other runs
Data

* Run 26960 (the latest cosmic run), merged event-base T Tree

— Let’s check other cosmic runs!

Ratio of clone hits with different ADC to with same ADC
005_I I | | | I | | | I | | | I | | | I | | | I | | | I | | | i | | | I | | | I L
0.04— ] I Only clone hits with the same BCO full —

=~ B as the reference’s analyzed. _]
oo — _
ajla — _
< < 0.03— —
218 -
s . _
£ ;‘: 0.02— : ' —
UL B I I _
0.01:— . : ]
- o .
0_ T ] ] ] I ] : ] l ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] T ] I ] ] ] I ] ] ] I I—

26960 26962 26964 26966 26968 26970 26972 26974 26976 26978

Run

Amount of clone hits with different ADC from the reference might be
less than 5% of those with the same ADC...?

The error of the ratio:

2 2
The error propagation used.  §y = <ﬁ> + (x y)
JN is hired as the error of #hit. \ Y y?

Run #hitcan (ADCean# ADCrer)  #hitean (ADCean = ADCrer) |Ratio

26960 2457 1171349, 0.002

26961 1672 42078 0.040

26962 913 335389 0.003

26963 959 375580 ©0.003

26964 0 3| ©0.000

26965 699 29192 0.024

26966 473 12095 0.039

26967 1005 330192 ©0.003

26968 1235 295093 0.004

26969 289 31403 0.009

26970 715 33437 0.0217

26971 56 3449, 0.016

26972 407 143595 0.003

26973 872 398489 0.002

26974 317 6/56| 0.047

26975 1088 93467 0.012

26976 812 38169 0.021

26977 63 4480, 0.014

26978 81 18152 0.004




#Clone(ADC = ADC,_)

Data

* Run 26960 (the latest cosmic run), merged event-base TTree

Analysis, Other runs

— |Let’s check other cosmic runs!
| also checked Run 25145 (Aug/4) and 25952 (Aug/24).

Ratio of clone hits with different ADC to with same ADC

I¢..JIIII|IIII|IIII|IIII|II

Rl

TN\ ’ Aug/4 :
02l %, § N_collisions = 128, DACO = 25 ]
;‘-g ' } Channel mask ver1 (same as beam runs) ¢
0 = , #different ADC : #same ADC hits =1:4 §
» 0.15— A T A IO S O PR AR T O NN TR I SR N
3 B |
3 = § Aug/24
S 01— n_collisions = 8, DACO = 15 :
g — t Channel mask ver2 (tighter than ver1) § Sep/24
0.05—
0 I_ ] ] ] I ] ] ] I ] ] ] I ] ] f I 4I> ] ] I ] ] ] I ] ] ] I ] ] ] I ] ]
25200 25400 25600 25800 26000 26200 26400 26600 26800

Run

The error of the ratio:

The error propagation used.
JN is hired as the error of #hit.

oy

\

Y

.

XY
y2

j

Run #hitcan (ADCcan# ADCref)  #hitcan (ADCcan = ADCrer) |Ratio

25145 52529 209805, 0.250
25952 2538 453463 ©0.006
26960 2457 1171349, 0.002
26961 1672 42078 0.040
26962 913 335389 0.003
26963 959 375580, 0.003
26964 0 3| ©0.000
26965 699 29192 0.024
26966 473 12095 0.039
26967 1005 330192 0.003
26968 1235 295093| 0.004
26969 289 31403 ©0.009
26970 715 33437 0.021
26971 56 3449, 0.016
26972 407 143595 0.003
26973 872 398489 0.002
26974 317 6756, 0.047
26975 1088 93467 ©0.012
26976 812 38169| 0.021
26977 63 4480, 0.014
26978 81 18152 0.004




#Clone(ADC = ADC,_)
#Clone(ADC = ADC

Analysis, Run 25145

Data

* Run 26960 (the latest cosmic run), merged event-base TTree
— Let’s check other cosmic runs!

ref)

0.25

O
N

0.15

0.1

0.05

Ratio of clone hits with different ADC to with same ADC

also checked Run 25145 (Aug/4) and 25952 (Aug/24).

~ Flone hits with the same BCO full
reference’s analyzed.

- }Aug/a

“ { n_collisions = 128, DACO = 25 ‘
f Channel mask ver1 (same as beam runs) §
| #different ADC : #same ADC hits =1:4 §

{Augi2a |
{ n_collisions = 8, DACO = 15 :
£ Channel mask ver2 (tighter than ver1

Sep/24 o

MAI;.JIIII|IIII|IIII|IIII|II

] ] I
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Ratio of the clone hits with different/same ADC
depends on the run.
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Next steps

- The same analysis but including the noisy channels. «+ Postponed
» Analyzing the beam data.
» Analyzing other cosmic data.




Beam Data Analysis, Clone hits with the same ADC as the reference

Data

* Run 26960 (the latest cosmic run), merged event-base T Tree

Step

3. Analyzing the TTree produced in step 2.
(@) Checking # ( = )/ #

In the merged TTree
#events not
#events with hit(s) :
#hits : checked
After noisy channel rejection
#hits not
#removed hits .
#hits / event : checked
After step2 (ABCO cut)
#reference hits
#clone hits . not
with the same ADC : checked
with different ADC :

Entries

10°

10

Ratio between #Clone candidate and #reference hit

hist_can_ref

o

10 20 30 40
Ratio

#clone hit / reference hit

Ol
o




Beam Data Analysis, Clone hits with the same ADC as the reference

Data

* Run 26960 (the latest cosmic run), merged event-base T Tree

Step

3. Analyzing the TTree produced in step 2.

(b) Checking # ( = )/ #
as a function of ABCO full = -
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Ratio between #Clone candidate and #reference hit
Ratio

10° =0
10
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i

sauug
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Ratio
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Beam Data Analysis, Clone hits with the same ADC as the reference

Data
* Run 26960 (the latest cosmic run), merged event-base T Tree
Step
3. Analyzing the TTree produced in step 2.
(b) CheCking # ( — ) / # _I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_ Entries 34144
as a function of ABCO full = - 12000 | 0o
(b’) Checking ADC of # ( = ) B B
10000 — —
8000|— _
ADC distribution of reference hits 8 B ]
45°°§ IIIIIII B .——-_h— — E 6000:— —:
:ZZ: E 4000:— _:
E zoooi— _i 2000:_ _j
1000; —% _I I T T T T T T T |_
sooF_ E 0 1 2 3 4 5 6 7 8
% 1 2 s 4 s 5 7 8 ADC distribution of the clone hits.

ADC distribution of the reference hits Note. ADC of all clone hits are drawn.



Beam Data Analysis, Clone hits with from the reference

Data
* Run 26960 (the latest cosmic run), merged event-base T Tree
Step
3. Analyzing the TTree produced in step 2.
(c) Checking # ( 7 )/ #
Ratio between #Clone candidate and #reference hit
§ | | | | | | | | | | | | | | | | | | | | | | | | | | E Entries 53047
- # -
e et e - E
12000 _ | _
C _ 10° 5 —
10000:— —: 3 = = =
g ] ) £ T y
E 8000 — U = —=
6000 — _ i _
B ] 10 —
4000:— —: ; ’_I_l_rrlj_l_l‘l__ |_| | JJL ;
D N R E R R R R T B 1: Pl _ _:
0 1 2 3 4 5 6 7 8 = L | I | I R R |_l | I Ll L | | L1 =
ADC 0 10 20 30 40 50 60
ADC of reference Ratio

#clone hit / reference hit



Analysis, Clone hits with same/different ADC from the reference

Data

* Run 26960 (the latest cosmic run), merged event-base T Tree

Step

3. Analyzing the TTree produced in step 2.
(c) Checking #hitcan (ADCcan# ADCrer) / #hitrer

adcs-hit.adc:hit.adc

| o S
8 e e | ENRABS 96334 | 12000
Mean x 2.304 _
5 . |Meany -0.01569| -
: Std Dev x 2.36 -
Std Dev y 3.023 _ 10000
2 _1/=18000

6000

|
N

4000

|
N

I
*)

2000

AADC = ADCcan = ADCref

I
Qo

S
N

(%

on

(8D

~J

oo L B

ADC of the references

Entries

10*

Difference of clone hit ADC to reference ADC

hist_adc_diff

- Only 35% of all

Entries 96334

_8 -6 -4 -2 0 2 4 6
Difference

AADC = ADCcan - ADCref

8




Summary

The ratio of the clone hits with different/same ADC depends on the run.
We have to be careful of treating the clone hits with different ADC from the reference...
A cross-check may be needed.

- e Difference of clone hit ADC to reference ADC
adcs - hit.adc adcs-hit.adc {bco_full_diffs==0}

hist_adc_diff
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Noisy channel analysis



Noisy channel analysis

The top 4 channels with the most hits were rejected.
The threshold 4 can be optimized more.

Run26960
O O % ¢l
File Edit View Options Tools Help #pid module chip ch #hit Ratio
Style |Binning] = title
Name P — 3007 1 11 0 82049 1.3%
hist::TH1D I —— I I — LB LB B LI L B B -
. . : . : :| Entries 147130

. ' ’ : 3007 1 12 0 62391 1.0%

L'; \ 10° “il Mean 31.16
v | G e—— Y
i - (SdDev 4293 3003 1 8 © 52110 0.8%
“pEetd 10¢ = 3007 12 19 © 31058 0.5%
1 s : z z : = .
Al = #events . 237408 . Sum 227608 3.7%
-I' - |' 103 ................ ,. ..................... #events Wj_th hit(s) : 197526 :_E
Opacity : . . : —
D ' #hits | :6158266 -

e " |#clone hits (same ADC) :1573718 ]
e 1 ; |#rejected hits : 227608 =
Histogram |#remained hits / event :  30.0 ~

Plot 10 ) : . - - _:
(G 2D  {~ 3D =

Error: Mo Errors |+ 1 R

Style: Mo Line |w

B Simple Drawing 0 10000 20000 30000 40000 650000 60000 70000 80000

[ Show markers -




Noisy channel analysis

The top N channels with the most hits were rejected.

The threshold N can be optimized more.
Run20869

O O X ¢1
File Edit View Options Teools Help

title
. | | | | | hist
: : : : . | Entries 367289
g g . | Mean 13.66
ot b ... . |SdDev 8797

g #events ;1002
103 ..... Joooeaee, .................. #events Wlth hlt(S) : 1®®2 ..................
? #hits : 5015695
g #clone hits (all same) : 294430
-102 ..... 1| TR .................. #rejeCted hlts : 9946 ..................
5 #remained hits / event : ?

0 200 1000 1500 2000 2500 3000



Slides from the last report



Clone hit issue

Hits with the same parameters as a hit are found more or less often.

Parameters: _
* module }  They must be checked to judge )
. chip_id ¢ whether this hit is a clone. '
* chan_id / Clone-like hits, which have i Those parameters were checked in analyzing
* adc =y the same parameters but adc, data from the 3rd test beam experiment.
. ampl = have been reported. " If all of them are the same, such hits were

Pl < It shouldn’t matter except for judged as clone hits and removed from the

. fpga_id

calibration runs. analysis.
* femiid _JN\_ They were checked in the
+ bco v~ FEM era. They must be

%, Whether they are checked or
*not depends on the analysis.



The study In the past

A dedicated study was performed in the analysis of the 3rd test beam experiment by Genki.
At that time,

TTree
——— trigger_]1

L—— trigger_3

——— trigger_2

Hits from 3 half-ladders were stored in a hit-base TTree.

If all parameters of hits except BCO full are the same as a reference hit, they were tagged as clone

candidates.

If the difference of BCO full of hits is less than the threshold, they were judged as clone hits and

removed from the analysis.

-—— INTT_hit_1
-—— INTT_hit_2
L —— INTT_hit_3

——— INTT_hit_1
——— INTT_hit_2
——— INTT_hit_3
——— INTT_hit_4
L—— INTT_hit_5

-—— INTT_hit_1
-—— INTT_hit_2
-—— INTT_hit_3
L—— INTT_hit_4

The clone hits (aka. double saving)

Definition: Hits on INTT that

- belong to the same trigger event
« have the following parameters are
the same as the other hit:

- adc - fpga_id - fem_id
- ampl - module
- chip_id - chan_id

but BCO (full) is slightly different (= ?)

/ Loop
for( int

over all hits
i=0; i<adc->size(); i+t )

bool flag_clone_found = false;

/7 A00Pp OVEr otner 1%S CO Compare nact-L @&
for( int j=it+1; j<adc->size(); j++ )
int beo_diff = (*bco_full)[i] - (*bco_full)[il;
f/ 1f BCOs ar gifferent a lot SK1p thils
if( abs(bco_diff) >= thre )
// check whether this hit (3) has th
if( (xadc)[i] != (xadc)(j] )
continue;
if( (xampl)[i] != (=ampl)[j] )
continue;
if( (*chip_id)[i] != (*chip_id)[j] )
continue;
if( («fpga_id)[i] != (=fpga_id)[j] )
continue;

if( (*#module)[i] != (#*module)(j] )

cccccccccc

if{ (*fem_id)[i] != (*fem_id)[j] )

Quite simple codes to judge whether this hit is clone or not



https://indico.bnl.gov/event/14633/

The study In the past

{ Clone hits with +1 BCO }
‘ are the most. |

1E+06 e
o Run89
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The study In the past
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Current status, the goal of this study, and things to be done

Current status

* Clone hits have been found with INTT barrel + FELIX.
- We observed the clone hit issue with the FEM and the FELIX system FEM. The cause of the issue may be more detector side than FEM/FELIX,

l.e., ROC or FPHX chip.

« The existence of clone-like hits, which have the same parameters except ADC, has been mentioned.

Goal

» Concluding how to treat clone hits.

Things to be done
« Confirmation of the status of FVTX.

Information from the FVTX group (communication b/w Itaru and Jin —)

Measurements at a test bench with the FVTX ladder.

- Understanding the issue by analyzing our data.

How often does it happen
Decomposing observables with FELIX, ladder, chip, or channel.
Observables as a function of the BCO (full) difference

Finding the clone-like hits

My naive question?

- How can we identify clone this from noise from hot channels?

On 2023/10/07 10:38, Huang, Jin wrote:

> Hi ltaru

>

> | do not think we saw this: this would lead to calibration hit count higher than the
iInput pulses count, which we never saw. In beam condition though, we never checked
for this.

>

> There is some tricky delay configured individually for each of the ROC data FPGA
which was trying to avoid hits arrival on the edge of clock. | would expect it would be
different for INTT than FVTX as your cable length changed. This could be related.

>

> Cheers

>

> Jin




