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BM@N
Recap

 \What have been done to the 5t CM
e Qutlook for 5t CM
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BM@N What have been done
to the 5th CM

e Common identification chain for Data and MC

« Common by strip geometry for Data and MC for
SI/IGEM/CSC/TOF400

Vasilii Plotnikov, 26.10.2020



BM@N

Outlook for 5" CM

 To conform Si, Gem and CSC the cluster sizes
and the amplitudes in MC and Data

* To get MC efficiencies of Si, GEM, CSC, TOF400

* To get Data efficiencies of Si, GEM, CSC,
TOF400

 To add to the MC efficiencies from the Data
normalized to the efficiencies from the MC

* To compare identification results for i+ and K+ for
the Data and MC

Vasilii Plotnikov, 26.10.2020



BM@N
Content

* SIIGEM/CSC signals normalization
* Data and MC SI/GEM efficiencies comparison
* Data and MC CSC efficiencies comparison

* Data and MC TOF400 efficiencies comparison

e SI/GEM residuals for Data and for MC and
EMB after smearing

* Detector effects implemented in MC

* Results of identification comparison for Data
and MC with detector effects

Vasilii Plotnikov, 26.10.2020



BM@N
Content

* Embedding QA

* First result of the embedding

 Embedding Efficiency in (Y,Pt) bins

* P, Y, Pt spectra of identified 11+ after embedding

* Possible ways to match MC to the Data
* Using of another MC generator
* Detailed SI/GEM geometry

Vasilii Plotnikov, 26.10.2020



smen SI/GEM/CSC signals normalization
(Lalyo Kovachev)

%x10° Digit signals, all silicons Digit signals, GEM1 Digit signals, CSC
9000 T z
8000
8000 — MC 10 B — MC ?DDO% — MC
7000 — Data I— — Data SDUOE — Data
6000 — Normalized 8| — Normalized F — Normalized
5000 PL 6 'i_lr 5000%
3000 ‘J 4;:;' 3000%
2000 ! 7 2:_ Y 20007
1000 _ r \
0| . Y AT o S R R B R moozkl
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 T T T R R— a—

ADC ADC

* MC signals for SI/GEM/CSC digits normalized with
good accuracy to the Data

* Clusters widths in MC match Data with accuracy
~20%

Vasilii Plotnikov, 26.10.2020 7



sm@n Data and MC SI/GEM efficiencles
comparison

Data

Runs 3756-4704, station 0

Runs 3756-4704, station 1

Runs 3756-4704, station 2
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* M efficiency higher than Data efficiency on 3-5¢ average
* Low MC efficiency for Sil at X~-5 cm
* High MC efficiency for Si3 at X~0 cm
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sm@n Data and MC SI/GEM efficiencles
comparison

Runs 3756-4704, station 3

£ 45[
S 40
>
35
30
25
20
15 b
10 1
5 5 1
0F, | | | | | | | |
80 60 40 -20 © 20 40 60 80
X, cm
Runs 3756-4704, station 5
1
0.9
0.8
0.7
4 | 0.6
0.5
0.4
| 1
A 0.3
i r 0.2
[ | | | | L L 0.1
—40 20 © 20 40 60 0
X, cm
Runs 3756-4704, station 7
£ 45 1
S
= 40 0.9
35 0.8
30 0.7
25 0.6
20 0.5
15 ' 1 0.4
10 0.3
5 | = 0.2
0F pemepee e n i . . 0.1
80 60 -40 -20 ©0 20 40 60 0
X, cm

y, cm

y,cm

Runs 3756-4704, station 4

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
a 0.2
20 ©0 20 40 60 0
X, cm
Runs 3756-4704, station 6
45 1
40 0.9
35 o.8
30 0.7
25 | 0.6
20 0.5
15 - ] 0.4
10 i 0.3
5 |I| o : 0.2
OF, | | | | | I | | 0.1
80 60 -40 20 O 20 0 6 0
X, cm
Runs 3756-4704, station 8
a5 1
40 0.9
35 0.8
30 0.7
25 0.6
20 0.5
15 i 1 0.4
10f | L 1 0.3
5F | i I,."‘-l.I 0.2
OF v I e N 0.1
60 -40 -20 © 20 40 60
X, cm

MC runs 1-80, with efficiency, station 3

y,cm

45
a4
3
3
2
2
1
1

MC runs 1-80, with efficiency, station 5

y,cm

MC runs 1-80, with efficiency, station 7

y,cm
8
-

15 1 "
5 i

[ S e —_
-80 -60 -40 -20 0 20 40 60 80

y,cm

y,cm

MC runs 1-80, with efficiency, station 4

x, cm

MC runs 1-80, with efficiency, station 6

80 60 40
MC runs 1-80, with efficiency, station 8

15 il T

1
0 44 i
40 60 80
x, cm

* MC efficiency higher than Data efficiency on 3-5% In
average for all GEM
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sm@n Data and MC CSC efficiencles
comparison

| CSC Efficiency, good runs | | MC runs 1-80, CSC Efficiency |
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- runs with Eff.sc>40% In the Main zone

and efficiencies are close to each other
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sm@n Data and MC TOF400 efficiencies
comparison

Runs 3756-4704, TOF400 Efficif plane 5, its>a, its>3 \ ) | Runs 3756-4704, TOF400 plane 0, \
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* MC efficiency lower than Data efficiency on ~5% In

average for all

OF400 planes
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sm@n SI/GEM residuals for Data and for
MC and EMB after smearing

Station Sil,um Si2,um Si3,um GEM1, GEM2, GEM3, GEM4, GEM5, GEMG,

Data/MC/ um um um um um um
EMB
Data 117 76 121 264 323 365 370 300 549
MC 126 83 125 254 319 373 367 294 603
EMB 124 75 119 295 329 346 361 311 517

* Lorenz Shifts from Data implemented to the MC and
EMB (Lalyo Kovachev)

® O-MC:O-EMB:O-Data Wlth accuracy ~10%

Vasilii Plotnikov, 26.10.2020 12



sm@n SI/GEM residuals for Data and for

MC and EMB after smearing
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"MEDetector effects implemented in MC

* We use UrQMD generator

e MC matches Data
geometry by strips

 For MC we use the same In GEM as for Data

e MC match Data signals

c MC match Data residuals

e For Data and MC we use the same

e MC close to the Data
efficiencies

e We MC 11+ tO the Data

Vasilii Plotnikov, 26.10.2020 14



BM@N

Results of identification comparison
for Data and MC with detector effects

[Trt, pt =°] —— [T, ptK] m=— . . . .

wo | pata P ~ normalized to the 11+ peak
3000; VT j L . . -

me  ME i ~* Other distributions are
mozt;j'u.fb.é”tilis 04 05 06 “b;ju.f'b.é"b.é' 04 05 06 normalized tO the integral
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| 1F == lower than for MC

wll P ho -« m2distributions for Data
oo w T 1. . and MC close to each

oogzl 10 N L . +

m2, GeV/qc?

sosmmsiaEms  other in (11+, K+) region

spectra of i+ and K+ for Data and MC close to each other
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sm@N Results of identification comparison
for Data and MC with detector effects
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BM@N

s “l“

e Stations
e Stations

Embedding QA

are Si
are GEM

sectors of GEM are

hot zones

sectors of GEM are

main zones

Vasilii Plotnikov, 26.10.2020
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BM@N

Embedding QA

MC points embedding denominator by station by sector

S 8 149

@ TE 1199
6 1229
5F 714
4[-956 472 2947 2322 1339 1607 737 1250
3F1680 2361 1600 1401 1353 1821 1122 1934
2F2518 4101 2887 2910 2352 1751 1025 1421 568
1£3555 4774 834 1333 1864 1820 1280 1904 938

1 2 3

e The number of MC

* Using only points w
* Enough statistics In

4 5 6 7 8 9
station

Points to be converted

nich give digits In the strips
the each sector
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N Embedding QA

MC points embedding efficiency by station by sector

S 8 0.97
@ 7TF 0.99
6F 0.99
5
4F0.98 0.94 0.95 0.94 0.96
3F0.97 0.95 0.94 0.95 0.96
2F-0.91 0.96 0.95 0.96 0.94
12093 %6 0.95_0.94 095 0.97
1 6 7 8 9
station
. for hot zones of GEM1

* Possibly due to the largest MC Points density
according to the pitch size
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g Embedding QA

MC points embedding efficiency for station GEM1

g 50¢ —1
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* The same efficiency for GEM1 using net of squares with
the side length

* No special regions are visible
* Efficiency rises with the distance from the station center
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Embedding QA
MC points embedding denominator by station by sector
5
2 3 694
2 1806
1 590
0- 399
T

10.5

station
e The number of CSC Points to be converted

* Using only points which give digits in the strips
* Enough statistics in the each sector

Vasilii Plotnikov, 26.10.2020



BM@N

CSC points embedding efficiency by station by sector

Embedding QA

CSC points embedding efficiency
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* Large and uniform conversion efficiency in all

CSC sectors

Vasilii Plotnikov, 26.10.2020
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"M First result of the embedding

Generate

Reconstructed Emb

Vasilii Plotnikov, 26.10.2020 23



BM@N Embedding Efficiency
In (Y,Pt) bins

n* acceptance+survivor EMB Eff for Y vs P
o 04 1., * Detectors effects are
8o L. implemented to the
0.25 —|0.08 embeddlng

0.06

0 * ONe step approach is
o2 IMplemented to
0032~76 18 2 22 24 26 28 3 ° calculate EﬁEI\/IB

* (Gleb used two steps aE)proach,

— *
E1:fEI\/I B EﬁAcce pt MC reco Eﬂ:EI\/I B M C_reco)

* For now we filter tracks to embedding by “at least 5
StsPoints of MCTrack in acceptance” criteria
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sme@n P, Y, Pt spectra of identified
after embedding

_ a5 : Y EMB vs Data SR i:‘Pt EMB vs Data
25: a ean 1.189 40§ Entries 1205 1 40; J I: Mean 0.1605
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p, GeV/c Y pt, GeV/c

* 71+ P and Y spectra after embedding are than
for Data (the same as for MC)

* One MC run (50K events) and one Data run are
used to embedding
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sm@n P, Y spectra of identified 717 in MC
with detector effects (slide 15)

oozt ol o All spectra are
700150 e} M) g e _
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200 o i) :

-
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BM@N Possible ways to match MC
to the Data

* To use of another MC generator (QGSM for
example)

* To implement Detailed SI/GEM geometry from
Dmitriy Baranov

e To match of MC residuals for CSC/TOF400 to the
Data

Vasilii Plotnikov, 26.10.2020 27



BM@N

Usmg of another MC generator

[ UrQMD vs OGSM y ™ -

T

|Ur0MDstGSM pnl — |Ur0MDstGSM ptn I
TN N T 0.18} . :

0.16;
0.14f
0.12]

0.1;
0.08

[| —— 61636 &, UrQMD i 0.022 "'. o

o A 19— - 0.02F
0'025: — 104106 7, QGSM 0.018

0.02L b T T N — - 0.0165
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0_015'_ ...................... ................ ..................... .................... ........ 0_012;
- A oot
0.0 o — e o - 0.008- 0.06
- F 1 | 0006 '
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0.042
- | 0002 | 0.02}
0'. o AT B A T B R BT | | | |

1T 15 2 25 3 00020406081121416182 %0402 03 04 05 06
y p, GeVic pt, GeV/c

 Red line — UrQMD, blue line — QGSM (the same
old identification chain for both)

* Both spectra are close to each other (the difference
less than 10%)

S0 QGSM cannot reduce the existing difference
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BM@N

Material budget in the BM@N, Integrated radiation length, X/X0 [%]

Detailed SI/GEM geometry

Material budget in the BM@N, Integrated radiation length, X/X0 [%]
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* Made by Dmitriy Baranov

Material budget of six stations for
tracks parallel to Z axis
(simplified geometry)
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Material budget of six stations for

tracks parallel to Z axis
(detailed geometry)

* Left plot — current geometry, right plot — new geometry

* New geometry gives additional background (embedding is aimed to
solve it) and prevents 11+ from passing through identification
detectors

Vasilii Plotnikov, 26.10.2020
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BM@N

Thank you!

Vasilii Plotnikov, 26.10.2020
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BM@N

Backup

Vasilii Plotnikov, 26.10.2020
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BM@N

Embedding Steps

* Select events with appropriate PV from the Data
* Use selected PV in the simulation

* Process realistic digitization of MC points (mark digits to
embed)

* Convert digits to the experimental format

* Merge digits from Data and MC (common modes and
pedestals calculation for Si and GEMS)

* Process full reconstruction and identification chain as for the
Data

o Extract embedded tracks which was identified and calculate
Embedding Efficiencies

Vasilii Plotnikov, 26.10.2020 32



BM@N Tt" reconstructed in Emb
but not iIn MC

A=441

Reason Not in MC % of A
Bad reco PV 14 m* 3
DCA cut (2 1" 16
TOF400 residual cut 55 1t* 12
Low number of GEM hits per station 150 mt* 34
Duplicate tracks 31 7
Low number of hits per track 4 1t 1
Other tracks 115 m* 27

* Example for and - one digit changes

Xpy ON 1.8 CcM

e TOF400 residual cut — CSC hit residual cut is circle with
diameter 3 cm and TOF400 residual cut is square with side 2

cm

Vasilii Plotnikov, 26.10.2020 33



BM@N Tt" reconstructed in Emb
but not iIn MC

Low number of hits per GEM station — skip event If
NHitsze,i<5 (In digitization and track extension stages)

Duplicate tracks — single MC track fragments into
GEM-track and Si-track or coincidence obtains with
momentum components of another track

* Low number of hits per track - nHits<5

Vasilii Plotnikov, 26.10.2020 34



BM@N

Other tracks

Reason % of tracks
Fake tracks take one or two hits in the extension stage ~10
Low momentum (<0.85 GeV/c) reconstructed track (possibly with few fake hits) ~20
does not match CSC hit
Long reconstructed track but with few fake hits cannot match CSC hit due to >50
momentum shift
Cannot reconstruct CSC hit or shifted CSC hit reconstruction (due to CSCPoints few

interference) percent

Common reason of track misidentification is
Interference of StsDigi from different StsPoints which
gives shifted StsHit or fake StsHit

e Also common reason Is close or intersected tracks

L
Vasilii Plotnikov, 26.10.2020 35



sm@Nn  Sketch of used detectors
with their status

Good result ;)

BD>1, Si>2, Al, pq<2.0, ibeam==0, pi+, K+ | — BD>1, 51>2, Al, pq<2.0, ibeam==0, fit gausi+gaus2+pol
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Vasilii Plotniko
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BM@N Three tracking algorithms
: - £ . and their problems
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M@ Si+GEM+CSC+Extend features

TOF400

» Short tracks are reconstructed using hits from last four
GEMSs

e Short tracks are extrapolated upstream and refitted with
matched hits from first two GEMs and Silicones

* Tracks are extrapolatgd gdownstream and refitted with
matched hits from CSC
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. GEM residuals bug has fixed
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MEN MC target geometry is improved

| MC, y pi+
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 Result: low part of MC p,, spectrum decrease by ~20%
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sm@n First result of MC v2 identification
IN comparlson Wlth Data

[ Tr1 pK+ """" """""" """""" """""" """"" :' """"""""" 1

p11 73
1453

P S W S N N N I (vt

300

20:_ ........ ........... ........... ..... 1N

10b- _________ QT

Al
:"'i"'il Iilllilllilllilllilllilllilll i E Lll'lﬂJ : H : :

% 0.20.40.60.8 1 1.21.41.61.8 2 % 020.40.60.8 1 1.21.41.61.8 2
P, GeVic p, GeV/c

— Data — MC

* Normalization on Integral

* Data slightly shifted to right for 1+

e Spectra pretty similar for K+
Vasilii Plotnikov, 26.10.2020 41



sm@n First result of MC v2 identification
IN comparlson Wlth Data

Trl, y |::n|+I E . . E T, y K+
iptr 5 :
1400__ ........ ................... , ............... : :

12000 ol Rl
10000 bl
P - ol
600f b 300
a0 g ol 20
D00 gt LR L 10,
0L~ L 1 : : :

320:106081' 1.21.41.61.8 2 2.2

Y
— Data — MC

* Normalization on Integral

 Number of low y Data tracks slightly less than MC tracks for Tt+
e Spectra pretty similar for K+
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sm@n First result of MC v2 identification
IN comparlson with Data

Tr1, ptK*
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* Normalization on Integral
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sm@n First result of MC v2 identification
IN comparison Wlth Data
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sm@n First result of MC v2 identification
In comparison with Data
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* No light nuclei for UrQMD
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sm@n First result of MC v2 identification
In comparison with Data
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* No light nuclei for UrQMD
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TOF400 geometry Is improved
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* TOF400 for MC aligned as for Data

Vasilii Plotnikov, 26.10.2020 47



BM@N

TOF400 geometry Is improved
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MEN CSC geometry is improved

B
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e X shift ~6 mm

* Y shift ~ 6.3 cm

e Strip’s slope shift ~ 0.05" (~0.5 mm difference
at 60 cm distance)

 CSCHIit Is used irrideritificetion



smen CSC geometry Is improved (In
comparison with Data geometry)
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e Xshift<1 um

* Y shift <20 pm
* Strip’s slope shift < 0.0001° (< 2 ym difference
at 60 cm distance) )

Vasilii Plotnikov, 26.10.2020
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