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SRC RUN7 CONFIGURATION (2018):

DCH

Analyzing magnet

In red color: key detectors .. Region of Interest (Rol)
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Upstream (MWPC-S1) Track Algorithm

MWPC
Pairl . e
R 1. SiTracks building in SiDets
Si-1,2 Ch2 si3 Chs3

>

l 2. MWPC Tracks (Pairl) building in Ch2 & Ch3

1 I
2
3. SiTracks - MWPC Tracks (Pairl) matching

4. Matching of the rest S1 Tracks with MWPC
2 I S "I‘ Segments separately (Ch2 or Ch3)

5. Track fitting by 2 systems => Upstream track
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MWPC Working Area 1s Increased (downstream the target)

MWPC has 6 planes:

Y
MWPC geometry I [cm] U,V are rotated by * 60 degrees to the X-axis

(local coord)

Area3
* 1s the area of intersection of 3 coordinates: XVU
(6-planes segment possible)
 Area3 = beam area (it's basically 1 track)
> Area3 was used in old algorithm of MWPC track reconstruction

Area? 1s the area where 2 coordinates intersect:
U1 U2 V1 V2 or X1 X2 V1 V2 or X1 Xz U1 Uz
(4- planes segment possible)

S1=S2=S83=166 cm?

The adding of Area2(S2) doubles the working area!

One-coor. S1-area 1s not used
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Improvement in New Algo: False Combinatorics were Rejected

* Run 3338 (H2 target)

Old algo New algo
F15- i | g8} 310°
> 10" ) §10§— .
St 102 5 e
0 of
-5 -5F
0= 10 _j0f 10
—15F ~15F
20- g —20F | prew2 s Areasare considered correctly 1
2045 10 5 0 5 10 15 20 201510 5 0 5 10 15 20

X[cm] X[em]

Ch2 segments coordinate plots. The same for Ch3 and Pairl
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Data vs MC: Coordinate Plots for Ch2 Segments

New algo
Data Run 3338 (H2 target) MC true (QGSM)
E —
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Good agreement between experimental and MC data is obtained
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Data vs MC : Upstream Tracks (Y vs X)

Data (Run 3338) MC reco (C+p) 100K Ev [ yvsxUp

y_vs_x_Up Entries 74606
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A good correspondence between MC & Data for Upstream tracks
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MC reco vs MC true: Upstream Reco Algo Improvement
DCM-SMM
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MC True vs Reco: Angle between Two Upstream Tracks

DCM-SMM 1M events
0 — Angle_a
i — Entries 207055
5 8000 - Mean 0.7758
[ 7000
6000 MC true — blue
5000 MC reco —red ,
= Cases 1n Rol:
4000 Be7p
— Be7H2
3000 Be7He3
— Be7He4
2000 : Li7He3
— Li7He4
1 000 Li6He3
Li6He4
T - Hed4He4

||||||[|||||||||| |l|l_|_.ll
% 05 1 15 2 25 3 35 1

The reconstruction reproduces well the two fragment angles with MC data [deg]
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Efficiency, %

Detector and Algorithm Efficiency(SRC Data)

N of events with tracks in the Upstream system

Efficiency =

Old algo

| Efficiency = Nevents(MWPCp0 & Upstream)/ Nevents(MWPCp0) ‘

= April 2020
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Eff Cout=65.71 £0.16
Eff Bout=69.04 £ 0.19
Eff Beout: 68.23 £+ 0.26
Eff <Be out: 38.16 + 0.04
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Efficiency, %
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N of events with tracks before the target(Pair0)

New algo

| Efficiency = Nevents(MWPCpO0 & Upstream)/ Nevents(MWPCp0) \
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2

500 2600 2700 2800 2900 3000 3100 3200 3300 3400
Run number
Eff Cout=68.27 + 0.21
Eff Bout=71.56 + 0.26
Eff Beout: 72.33 + 0.36
Eff <Be out: 42.13 + 0.06
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Conclusions (RUN7)

* An algorithm for Upstream tracks reco based on MWPC and SiDet has been
improved

 Number of MC true & MC reco tracks coincide 1n 92% of events (old reco 37%)

* Due to this the reconstruction reproduces the two track angles behavior with
MC data

* Y vs X profiles between MC and SRC data are in good agreement
» Upstream reco efficiency i1s increased by 3-4% with SRC data

* New reco algo & realistic MC for Upstream region will be implemented into
bmnroot



2021 Experiment: Setup
[ Siet12 | SiDetdd

ToF-Calorimeter locations -450 cm -400 cm

TOF400
SRC CSE
CSC DCH TOF DCH
GEM — —  Scint.
\ wall FHCAL
MWPC —
i =2 e il RSN
i
-576
Si  Sci
SP-41
LAND
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Aleo for RUNS et &
go for " I I

Mainly we will use SiDet info ( high precision & good efficiency)

1. Search pairs |[X - X’| <6 in Sil or S13.  |Y-Y’| <6 1n S12 or Si4
2. X, X)=Y

Y, Y)=X
3. Build tracks from track fragments which are looking at Vertex

Search correspondence and compose spatial fragments of track

4. MWPC use for confirmation

13
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Algo for RUNS(cont.)

But MC data
. it 1in Si B!l w/o hits in SiDet
¢ Sj gap 1mm between modules Y vs X position of B!! in SiDet W/0 hits 1 S1De
i hYXB11Si2]] - hYXB11Si2_wohit .
(B! MC data: 17% of events in gap) ° 83% T
0 . 2 ;
: " . i | 3
: . . . 5 ) S e
* Si1 strip has charge overflow in beam region - -6 S
-10 C
. . . . r -8f .
=> Loss in coordinate precision o [ SiDeteep
_‘—10HH—5HH0HH5IH‘10| 6 -4 -2 0 2 4 6
* Possible SiDet failure
MWPC 2/3 segments (algo from RUN7)
MWPC3
Target B oo g
_____________________________ I
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MC
dPt Preco —Pp]

S1Det dPt/Pt Distributions:

MC
= ; dPt_Ptreco
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Expected RUNS8 Pt-resolution: 2 times better than in RUN7




MC-true vs MC “reco”: Angle between Two Fragments 1n SiDet
(wide angle region)

MC — blue MC ““reco

” _red
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MC vs MC “Reco”: Angle between Two Fragments 1n SiDet
(small angle region)

MC — blue
MC ““reco” - red

MC reco ideal
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700
600
500
400
300
200
1007 4
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% 0.0

For small angle region we see some difference for angle between two tracks but it’s not so essential
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Conclusions (RUNS)

* The track reconstruction method for RUNS which 1s based on two pairs of X&Y
oriented SiDets has been studied in detail

 dPt/Pt resolution in SiDet 1s expected to be two times better than in previous
RUN

 Number of MC true & MC reco tracks coincide in 90% of events

* The scalar angle between two fragments 1in SiDet 1s well recognized

vasilisa@jinr.ru



Thank you for your attentlon'
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Back up
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Acceptance 1n detector systems for RUN7

| vere« | s1 | s2 | s3 | P2 | PG| DC1_ | D2

B11l 266976 229023 221079 230985 266859 266858 266858 266858
(acceptance) (.86) (.83) (.87)
Li7He4 1263 1159 1038 1104 1263 1256 1263 1263

(acceptance) (.91) (.82) (.87)
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The reconstruction algorithm upstream the magnet
in each system (SiDet & MWPC)

Detector g ‘ : Builded
hits
cluster

* Hit reading & cluster building

Segment/track
ﬂ/ duster Track-segment candidates building

* Fitting with a straight line

V. Lenivenko 8th BM@N Collaborating Meeting

segment
T by using measurements
i = > Select the best segment by y? — criteria
~ - ..-—_‘__/__ .
S s v B e yeniumin B Track-segments are matching between
T T, L " different detectors

* Resulting tracks are fitted
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Improved Track Reconstruction in MWPCs

Pair( Pairl
MWPC working regime was not

Chamber 0 | Chamber 1 Chamber 2  Chamber 3 optimal- the clusters were huge
T ) — I Y
I

Target

—————

Track_segment = reconstructed Straight track in one chamber 18000;— ,,,,,,,,,,,,,,, ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ,,,,,,,,,,,,,,,,,,, o .................
ed usin 140000 (rack-segment |

X1U 1V XUpV, 4000F

M BRI BRI R | PRI |

2. Reconstruct & fit track-segment in each chamber 0335 4 45 5 55 6 65 7
3. Extrapolate segments to Z, ;= (Z1+Z22)/2 & select best pairs by y? criteria, BmnMwpcSegment.fihits
angles are not taken into account
4. MWPC track in PairO and Pairl

1. Traclg-segment fy
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Track Reconstruction in Silicon Detector

1. X and X’ (2.5°) neighboring fired strips — cluster center

. ZNAi*i
CoG = SN A,

2. Track Reconstruction using various cases

1.Silicon was not the most optimal configuration
, Aj—charge amplitude on 1—th strip 2. X's reading ineffective

= Case I: 6 hits (3 spatial points) per track *’ +, ‘#(

= Case 2: 1 spatial pointin st. I and 3 + X/ X’ in st.2 ~+r ‘#(
% - X hit

= Case 3: 1 spatial pointinst. I and 2 + X/ X’ in st. 3 * ’r( Y - X hit

= Case 4: (X + X’) in (st. 1 + st. 2) + spatial point in st. 3 # ‘#’ 7000
s000; Number of points per
5000~ Si-track

3. Straight line fit on X & X’ — coordinates, rough Y — coordinate: Y = 592_2( :gzz

Accepted track goes out from the target area 2000
1000
V. Lenivenko 8th BM@N Collaborating Meeting 03 35 4 45 5 55 6 6.5 7

BmnSiliconTrack.fNhits



Multi Wire Proportional Chambers

95\0 X 95’0

Anode wires \

0/95 X- 0\?5
Each MWPC has 6: x 4+ /3y
two X, two U and two V-planes U=s—7—,
with wire angles 0°,+60°.
’ - 3
Wire pitchis d = 2.5 mm. V= - 2\/_31,
Coordinate resolution is d/\/ﬁ =0.72 mm.
This point should satisfy the

following condition:

The intersection of these planes is a working.area,... V. + /=X =0 6



Silicon Tracking detector

. Double-Sided Silicon Detectors (DSSD)
APItCh = QSum=

«2-coordinate Si strip detector

\ Capability of stable operation in conditions of high loadings
p* up to 108 Hz/cm?2

_300.m RRESPONSe time is 10-15 ns

Coordinate resolution ~ 50 um

Guard Rings (p*)

Pitch = 103um

640 X strips with 0°

640 X’ strips with 2.5°

The pitch of X strips : 95 um

The pitch of X’ strips :103 um.
Thickness of detectors is 300 um

The contribution to the collected charge value is given  Fyll sensitive size of 12 x 12 cm? Full sensitive size of 25 x 25 cm?

by both electron and hole flow. V. Lenivenko 8th BM@N Collaborating Meeting 27



* Run 3338 (H2 target)Numb er Of wac(palrl ) traCkS

Ntr_pair1 — ) [Ntr_pair1CinCout | N paiGGau
70000 Envies 10521 | 180001 or 02118
- S 16000;— StdDev  0.3224
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- 8000-
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800 3000~
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00 1.2 3 4 6 7 @Leng/enllcpSth BM@N ollagorat%g I\/%etin
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500

[ Ntr_pairiCinBout |

Red — new algo
Blue — old algo

Cin&Bout

=

Ntr_pair1CinBout

Entries 4022
Mean 0.907
Std Dev 0.4097

Cin& Charge< 4 out

hNtr_upCin3out

Entries 16798
Mean 0.6226
Std Dev 0.6412

tracks cleaner.

is suppressed

e b b b
5 6 7 8 9 10

. T T P PR P
2 3 4 5 6 7 8 9 10
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New algorithm makes

Combinatorics effect



Analysis: Proton momentum before the interaction

First analysis paper accepted for publication (Phys.Nature)!

* The momentum of the proton in the nucleus before
interaction are key part physical analysis

the reaction of knocking out nucleons from the target

Lab Frame:

Scattered  |p| ~ 2 Gev/c A
Proton 6 ~ 30° o .
Proton e ~02

™, Beam Prob

: : robe :

: 4 GeV/c/u 3 P >

g il : :
\ Knocked-out

Nucleus (?C) of Proton Correlated|p| ~ 4.5 GeV/c

interest pl z i Gg%\:/c Partner

=~

* The proton momentum before the interaction was
reconstructed using 3 vectors :
Incoming vector to the target and 2 protons in the arms
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Analysis: momentum of the residual 1on

First analysis paper accepted for publication (Phys.Nature)!

IOBe, IOB' L -3 >

P/Z [GeV/c]

2C(p,2p)''B

Nuclear Fragments

12C(p,2p)10B, 10Be 7

1 BM@N

The residual nuclei momentum was restored based on two straight segments:

upstream and downstream the analyzing magnet

Now we are working to analyze the rest of the final states

V. Lenivenko 8th BM@N Collaborating Meeting
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