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On luminosity measurement in carbon run — |

Mikhail Zavertyaev

e eI Goal & Solution. BM@MN e Target Region, as it is . BM@N
1L ottt - z = by

£ 10—

S sF

For the production cross section the luminosity evaluation is R
the crucial point. afF
: : - : 2

In Run-6 data there is no information about beam particle it
parameters : X/Y position on the target. _2;
The proposed solution based on X/Y position of the ~4E
reconstructed vertices on the target. -6
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At least 3 tracks in Primary vertex.
Maximum 10 tracks per event.
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1 Mean 6.56164e+00 +/- 1.19551e-02 2(BC2) = —157.350
2 Sigma 2.19681e-01 +/- 1.24890e-02 2(T0) = —178.850
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On luminosity measurement in carbon run — ||

Mikhail Zavertyaev

“{%“&%‘f‘#ﬁ X/Y of Vertices, no shift. BM@N iﬁ" e X/Y of Vertices and geometry. BM@N
I T - 7111 s -
(o v A _H] Y=

At least 3 tracks in Primary vertex. Maximum 10 tracks per event.

The beam spot touches the target edge Ellipses : Black - 90%, Red - 80%, Blue - 70% of Vertices inside the ellipse

Target : Gray - +10, Yellow - 420, Magenta- +3a
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DuzryecKmii

iuﬂcmryr How to use. BM@N
8 /1]l A

lededesa

1. Choose the BEAM ELLIPSE. Accept the only events with
X/Y of the primary vertex inside the ellipse area.
It gives proper A statistic.

2. Watch the ELLIPSE size and Target areas,
do the correction to the Lumi values.
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Status of the A hyperon analysis In the carbon

beam — | Yury Stepanenko

BM@N configuration in Run6 BM@N Analysis current status

* Main goal of current analysis — cross-check with previous analysis
* Central tracker (was performed by Gleb Pokatashkin)
* One plane of a forward Si detector

GEM ] ECAL
_ MWPC|- - 7DC * From previous analysis status:
* 6 GEM stations g I . va
M.;I_I.u:I I - » Check residuals for MC & Data

* 5 GEM detectors (66x41 cm2) _
« 2 GEM detectors (163x45 cm2) -~ * Make corrections for residuals in Data & MC
- * Momentum smearing procedure for MC simulation

. i . ; magnet SP-41 m
Triggers: BD, BC1, BC2, TO, VETO Siplane 061T uF-400.700 DCE-1.2 * Check GEM efficiencies for MC & Data

* Beam Ekin=4.0 and 4.5 GeV . * Apply efficiencies for MC simulation
. . 5 . 8c1 0 BG2 VG w_ . . . .
. Isntiin;::/atlignpzerzsglc | ! 'L—w—};g;n "" Lo * Analysis: compare distributions MC/Data for pt/momentum/etc. /!
P o o ] * X/Y residuals smearing

* Physics: measure inelastic reactions C+A->X

o Ouctr * MC Pools tuning (in progress) /!
* Targets: C, Al, Cu, Pb

IHB * Control plots (very preliminary) /!
: s Measure cross-sections of the A%s hyperon

Scintil. strip length 150mm
Targel in he middle peint

Mean Dx vs Momentum (DATA & MC 4.0GeV C+Cu)

Sigma Moma& vs. x ista==1 (DATA & MC)

Sigma Dx vs x (DATA & MC 4.0GeV C+Cu)

Sigma Mom& vs. x ista==2 (DATA & MC) Sigma Mom& vs. x ista=3 (DATA & MC)
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Status of the A hyperon analysis In the carbon

beam — || Yury Stepanenko

Blue: MC

Sigma Dx vs x (DATA & MC 4.0GeV C+Cu) Red: DATA ChiZ/ndf of tracks

Need X pools corrections (in progress...)
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On light fragments in SRC data

Andrel Driuk

Goals of the current analysis

1. Analysis of yields of different fragments in C+p reaction
2. Comparison with the different physical models
3. Comparison with results of other experiments

Pt balance

The visible slope is not so essential to define protons or pions

o Ottt Tty
1
1

T by
s

2015017005 0 008 0.
i

Fig. 8 Px for boron isotopes and their relatit

1. Background (Results of the previous collaboration
meeting)

BM@N

QOutline Pt balance

Considered:

1. One global track

2. The events with one track in the left X
or right arm were selected.

left
* P right
E_ ng -

2. Pt - balance ——i 2 -

3. Empty target accounting
4, Comparison with MC simulation
5. Summary

Comparison with MC Data

a0 — experiment «a0' [ oxperiment
hj‘ — simulation - simulation

a10* experiment

300 simulation

6 8 10 12 14 16 18 20
Number of tracks in event DCh

4 6 s 10 14
Number of tracks in event GEM

T 2 3 4 5 6
Number of tracks in event Ups

a) b)

c)

Fig.16 Number of tracks in events a) GEM , b) DCh, c) Upstream
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3. P " = momentum of fragments with
the track in the left arm (x>0),

P o — momentum of fragments with
the track in the right arm (x<0)
Study P /P fo™,

T

p* kns p lett
" x

right

Fig. 5 P, - balance

Fragment spots

1o o OCh s S bk - 1 e G+ DO Pt o Gl ks 2

Rigidity, GeVigc

4

s e  J S
Total charge Total charge

1. Different number of tracks in §
3. Negative particles in the events
2. See no significant difference in

¥

the events " "
h ghis |

Results: ] i

events with additional low

Analysis of spots distributions:

2. Low momentum (<1.5 GeV/c/q)

in the events

1. Dependence on number of Vo
global tracks in the events

momentum positive or negative

particles

Fig. 9 The influence of different cuts
in events on fragment spots (1 global
tracks in the left figure and 2 tracks in the

right)
1"

Summary
Plans

1.No visible changes in the P balance for the left and right arms in the
experiment.

2. Events with empty target were taken into account. The coefficient for spill
normalization were calculated.

3. Response of the GEM detectors in MC was adopted to the experimental
data. However, number of GEM tracks in events requires the corrections.

4. The matching efficiency of different detector subsystems was estimated in
the experiment and MC. The mean values are close enough.

1. The goal of the analysis is to evaluate yields of fragments in
C+p reactions
2. Analysis of correlated fragments for two and more tracks.
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On TOF-400 K+ and pi+ analysis in Ar run — |

Anastasia Khukhaeva BM

Mass square histogram FD>3 for [11,13]

Mass square for Denom. [11,13]

Gy | | mass B1713
Issues . Tean.  ggaors
10:'; Pi+ o | K+ S Dev 004441
@ Estimation of trigger efficiency for different trigger conditions: : i
(BD>1, BD>2, BD>3, FD>2, FD>3) on ToF-400 in Ar run. 10,;
BD - barrel detactor, FD - silicon detector, 1-3 - number of counts. ?
10
@ ldentification of K+ and 7+ :
on ToF-400 in Ar run at momentum: (0.5 < p < 2.3 Gev/c) il

-0.1-0.05 0 0.05 0.1 015 0.2 0.25 0.3 0.35 'l'.’n'.‘:
if (m? > -0.1) and (m? < 0.13) - 7+
if (m? > 0.13) and (m? < 0.34) - K+

@ The Centrality bins is taken according to number of tracks participated in

ToF-400 analsis October 3, 2021 5/18

Khukhasva Anastasia ToF-300 anahsis Ooctober 3, 2021 218

Trigger efficiency for Kaon BD>2, BD>3 .
Efficiency table (0.5 < p < 1.5)

[y o w052 }— ——— @ BD>2
A ; [2.4]-8145%
¥ { [5,?]—90:!:3% FD>2 FO»3 B0»3 8052 BD>1
L R B EE— | — T o P P > >
| i | i [8,10]-97£1%
i [ A [11,13]-99,2:0.6% = — = e
P N S D S [14,20]-99,6£0.4%
[ | : [ . aa% 31% 98 97% 99.1%
[FX]] * (%] : [EXL] * [ I.‘mi. v B D 3 58% 445 96% 99.2% 99.6%
@
[Eficiercy of Kaon B3 | : _ : [2 4:‘]‘,??iﬁuif 76% 47% 99.6% 1005 100%
T 1 : [ T o
, I i |5,7]-86+ 2% 19% 12% 2% 70% 81%
L [8.10]-98::0.8% po p— P pon pen
: R . [11,13}-9621 % w | | w | ow |
4P S S S S [14,20]-99.6+ 0.3% 4% 30% ag 98% 00.4%
: : : : 6% 4% 9% 09% 99.7%

Khukhasva Anastasia ToF-400 analysis Khukhaeva Anastasia
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On TOF-400 K+ and pi+ analysis in Ar run — 11

Anastasia Khukhaeva

2-dimensional Mass square histogram

Slices Y for various momentum

Signals are fitted with Gaussian distribution
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YL e P = 2.1 Gev/c
E t: Pi+ -HL\+\ 80—
’ ‘ -
3 P o g P - { t'. C— T | | I O | T
Mean of sices (0.5.2.0) Gev, Si8p = 0.0 H
s v | z o
an . Mf 2 a0 Eppod
e e wg < -
« 4 ul B e e | = = T | O e
b 10—
ot " ; : il "l %z [
: - oy pig, Gevic

Khukhasva Anastasia Khukhaeva Anastasia

ToF-400 analysis
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Efficlency of Kson BDn2 |

On TOF-400 fragment analysis in Ar run — |

Ksenia Alishina

Trigger efficiency
BD>1,2,3

I Selection criteria for the square of the mass:
"""""" : 0.3 < m*<1.4 (GeV)?

d:2.6 <m?*<5.5

He': 1.4 <m?< 2.6

t:55<m?< 9.5

Procedure estimate trigger efficiency: Selechion ciiferia i

1. Filter by Ar data : select those files sifat do not contai ‘;Ich/q; 3’.‘(*‘ e
trigger condition being investigafed. e -/p (: 4 -
Set the criteria by (m/q)* and p/q for ffagments. s B3

s 5
Set a condition on the number of tracks at the vertex . 4
(2...20).

I Si(FD)>2,3

W

4. Using formula eTrig, = W n=1,2,3; Primary Vertex Criteria :
: q m) -5¢< Zv<5cm,
-2.0 < Xv<2.6cm,
0.135< Yv<488cm

Number of hits per track > 5

m=2,3;

Trigger efficiency for Kaon BD>2, BD>3

: e BD>2

[2.4}-81+5%
[5.7]-90+3%
[8.10]-97+1%
[11,13)-99,2+0.6%
[14,20)-99,6::0.4%

g

I
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i
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|
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1

i

i

i

i

i

i

(] [C%] [ERT] [ Y.

’ e BD>3
R [2.4]-77£6%
| b ; [5.7]-86+ 2%
Y] NS SRS SN S S— [8.10]-98::0.8%
i | | | | [11,13]-96+1 %
0 S N — [14,20]-99.6+ 0.3%

or i Y S S— i
R L

Khukhaeva Anastasia

ToF-400 analysis

= Efficiency of proton bd > 1
Trigger condition BD>1 .
098 | 1 '
. N(m/q?)(BD>1,2,3:FD>2,3) |
£ = - .
! N(m/g2)(FD>1) %‘ 096 | 1 }
]
Nitrack Efficienc Error & !
in Vp 094 — !
P 2.4 2893/3167 0913483 0.0049955 |
(5.6) 6837/7122 0.959983 0.0023225 - ! }
(7,8) 10496/10678 0.982956 0.0012527 |
[2.20] 24 58] .8 13, 20]
(9,20) 109782110061 0.997465 0.0001516 o ATratks inV,
@) IsSeSISTI 0seN3 00002604 s [ Effciency of deutronba> 1]
d 2.4) 422/443 095259 0.0100963 |
(5,6) 11951227 097392 0.0045498 ! t
(7,8 219072213 0.989607 0.0021568 ™ !
(9,20) 25719/25754 0.989607 0.0002296 E ! }
@) duesnae 09529 00003687 f !
096 '
*nTracks in Vp - Number Tracks in primary vertex I
]
M m | Ra . Ba ma e
mean nTracks in V,

Efficiency table (0.5 <

FD»3
13%
25%
31%
445

47%

12%
17%
23%
30%
41%

Khukhaeva Anastasia

p £:138)

BD»3 B80>2 BD»1
™ B81% 5%
86% 80% 945
9w 97% 99.1%
96% 99.2% 99.6%
99.6% 100% 100%
62% 70% 81%
85% B9% 93%
4% 96% 98%
8% 98% 099.4%
9% 00% 99.7%
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On TOF-400 fragment analysis in Ar run — ||

Ksenia Alishina BM

B vs p/q plot bands for *, K +, p, He3, d/He*, t (TOF 400). Distribution of the m?of the p/q for nuclear fragments

Ar + target— X on targets C, Al, Cu, Sn, Pb

[Bvsp fir-

Get slices along m? vs p/q for nuclear fragments

Fit each slice using ModGauss(1% peak) + ModGauss(2™ peak)+ expo(background ) function
0 + Get Mean & Sigma from the fit

*  Make plots: dependencies Mean (m?) vs p/q, 6(m?) vs p/q, Mean (m?) +2a(m?)

* Get information about identification fragments

%
500 3
=
g
p - 400
s 300
3 200 i 2 3 5 S
E p/q, GeV/e p/q, GeV/e

15 2 25 3 35 4 45 5

o
SN

p/q, GeV
Slice (m? vs p/q) fit ModGauss(1* peak) +ModGauss(2"! peak)+ expo(background )
5 w;
plg=2.91- 355 plg=3.55-4.19
Slice 5 Slice 6
f A s e |
f wl d  pworain |2
i i N ‘
plg=4.19-4.83 | i Summary
s plq=4.83-55
Lo . 5 3 Slice 7 Bt : Slice 8
Distribution mean (m?) vs p/q, mean (m?) £26 34 9
The result :
"3 257 il i v O The efficiency of the triggers for the proton and deuteron has been evaluated
,E' r‘—":;——_ § - +20t O Fit m? vs p/q function(ModGauss(1* peak) +ModGauss(2™ peak)+ expo(background )
g . - | E o O Preliminary: o(m?) and mean (m?) were obtained in the range of momenta 0.35-5 GeV/c for (p,Hed.t)
H . S i i ERE O Preliminary: bounds mean(m?) +26(m?) were obtained in the range of momenta 0.35-5 GeV/c for
i 8 s i G (p.Hedd,1)
15— B, o S | N 26t
F 20He,] 1 Ly —
N +2a6p e L +20d The plans:
= e e N S - O Ptspectra of fragments (p,He?,d,t) for Data and MC
. —— gy L S S— | O Pand Y spectra of fragments (p,He*,d,t) for Data and MC
E— — F — =
05(—-2ap S L'y -2od
PRI P PPN NPT (U A AN AR L i
N ] 4 3 riPURPI AR ENPRRPR BRI SR S PR I
pig. GV ! 2 3 ¢ ;q‘ﬁev
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BM@N | The main goal of the analysis BMEN | Outline BM@N | Before/After
R 101 409, li.“p . . 101200, Exp fillered
e R s - Wl e i
o Particle identification in the BM@N experiment G T ':; : ,_-
o Identifying 7+, K* o Filtering experimental data ks o
o Estimation of the =, K mesons production cross section @ Comparison of Monte Carlo data and experiment RS 4 Y sttt Sl
2 Adding realistic effects to event simulation TOF700, Fxp filtered
2 Summary - H .
ce F’X @ ]
by M|y n
9 ?"
1
Bth Collabaration Mesting kT 8th Collaboration Meeting /27
BM@N | Comparison of Exp and MC BM@N | Summary BM@N | Fyture plans

Monte Carlo's behavior repeats the experiment

Efcizncy ol g boon sl one

Monte Carlo o Calibration of the detector by coordinates and time

5 Generator DCMSMM o Estimate efficiency of matching

o Algorithms for filtering experimental data have been

- implemented o |dentify 7, K mesons in experimental data
2 System: Ar +Cu - ) . . '
o Energy: 3.2 AGeV i 9 E?g::':*;'sc effects have been added to the modeling o Evaluate the efficiency of detectors through simulation

o Smearing Vertex u
o Lorentz Shifts R, '
o

Dead strips, hits

R
Ell vicazs; il jpiain 3l i

Exp data
o System: Ar + Cu
o Energy. 3.2 AGeY

K Mashitsin

08.10.2021

Ath Collabamation kMesting

@ Smearing Vertex
o Lorentz Shifts
o Dead strips, hits

experimental data.

K Mashitsin Bth Collabaration Meeting

A. Zinchenko

24 f27

o Parameters of MC tracks inside the magnet repeat the

efficiency of the detectors and tracking
o Evaluate yeilds of identified r*, K*

Hth Collaboration Meeting

25, T

o Normalize the number of identified particles to the

2/




Current Progress in TOF700 Fragment

Analysis in Argon data run 7 - | BM@N
Lalyo Kovachev

Argon data run 7 TOF700 Particle Identification chain

Ar beam 3.2 GeV/n

Targets Al,C,Sn,Cu,Pb I .
For Data and MC we use the same Identification chain TOF400 DCH1 TOFE700

CSC
GEM For MC we use DCM QGSM Generator

DCH-1,2 Gem
Si

MWPC T
BMDI I DZOI Si-GEM(data) tracks from V. Plotnikov

—

tracks from DCH group

.
e ~ e TOF700 hits from Y. Petukhov
3 Sipl SP-41 oF-400,700 . .
| planes ECAL Si-GEM tracks are extrapolated to the Z-position
and matched against the tracks
Schematic drawing of the location of the TOF700 on the BM@N setup Successfully matched tracks are extrapolated to the TOF400 and TOF700 planes
and matched against the TOF400 and TOF700 hits
Signal Normalization and Residual Smearing Silicon Eff[( GEM Efﬁciency
(V. Plotnikov)
] z 0.9
SILICON g g1 0§ £ 08
3 s § | £os £ 07
& g8 06
0.6 0.6 06 05
: 0.4
0.4 Silicon1 0l 04 GEM4 03
0.2 0.2}
0.2 0.2 0.1
&5 Tom 7000035003000 o N . o 60 40 20 0 20 40 60 _ 50 60 40 20 0 20 40 60 80
ADC X,cm X, cm
X.cm
1 T 1
210 Digt signals, GEM1 GEM?,,,, g i:% W Data - Red
o o | Ty M = 5% Good. 5 of MC - Blue
— Data 2500 Entres 50004 | 2500| Entries 50004 MC ar
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Current Progress in TOF700 Fragment

Analysis in Argon data run 7 - || BM@N
Lalyo Kovachev

DCH1 EEIﬁciency TOF700 Efficiency

. . . £ 80 Da[a §
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40 oo WS :(‘ 60 ir-.'“ 1 m . I,B:I‘-g::
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: X, cm 04.10.2021 Kovachev L. BM@N Collaboration Meeting
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e . Rapidity distributions for protons Rapidity distributions for deuterons
Reconstructed M? distribution  in different intervals on Pt for MC model and eff iciency corrected  ;, different intervalsl:m 3; for MC mod£I and efficiency corrected Data
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Sig;lificant differences between behavior on MC and Data. ‘ Here we have a much more better agreement in distributions
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TOF400 pi+, K+ analysis in Argon run - |

Vasily Plotnikov

BM@N

Outcomes of the 7" CM

» A strong dependence of CSC/TOF400 residuals
on P

= There are two main reasons: scattering on the
material and the difference between the field map
and the real magnetic field

* Detailed GEM geometry has been applied

= We start to take into account the dependence on p
when matching tracks with CSC and TOF400 hits

= We begin to recalculate the efficiencies of GEM,
CSC and TOF400, taking into account the
smearing of residuals depending on P

Wasilii Plonikov, 04,10,2021

sven  CSC/TOF400 residuals after
applying mt*-corrections

<50, i |

‘:‘.;wg r —r IR o 8 os- - e [ Data
? 5 2 LN <dx> i
300 .goz‘ H

w7 & e T CSC

oo |t HH”*H*M m ‘
"5\; 05 195 2253354455 ° I B N gwé
n.GeV/f ) & B P c
jo3 1

Tas TOF400

A i) L J
0 05 1 15 2 25 3 35 4 45 5
p. GeVic

* <dx>(p) close to 0 at p<2.5 GeV/c

Vasilii Plotnikov, 04.10.2021 9

08.10.2021 A. Zinchenko

sm@n P-dependence of CSC/TOF400

residuals on particle type
—mn —p —d Data

o l30<v<50 cm o Il
)"? 5 : ":;# me
F -1 J[Jf t

* O X 3
# e -5 1130<Y<50 ¢

<dXcsc>

-3

so 0:5 1 1.‘5 é 2.‘5 3 35 A 4:5 5
p, GeVic
e dXcse and dXq gra0o are
correlated

* \We can use this correlation
to filter the “good” tracks

-15 10 -5 o 5 10 15
rorsoer SM

Vasilii Plotnikov, 04.10.2021 8

sv@n  P/Y spectra after applying 7t'-

corrections
,'WL * From 6t
}m’ Collaboration
s Meeting
% * Without dynamic
200- . windows
o5 T 15 2 28T
y
¢ New result
* With dynamic
windows
* P and Y spectra for
J 11+ become softer

RARARAR Ldiardeon] o
$02040.608 11.21.4161.8 L Y R Y

Vasilii Plotnikov, 04.10.2021 10




TOF400 pi+, K+ analysis in Argon run - ||

Vasily Plotnikov

BM@N

Mlxed Events

Background from mixed events

Data

Not M|xed Evems

* The background from mixed events has a landau

shape with a maximum in the pion mass

* Background level at 0.34<(m/q)?<0.54 around 10
on each plot. So we can assume the same nature

of it
» bkg/sig,,<22%, bkg/sig,.<3%

Vasilii Plotikov, 04.10.2021

BM@N
After Eff, tuning

i
Eio,u; Si2

06’

oa

02

BM@N

Analyzes using

this version of tracking

* Lambda analysis in Ar run
(Pavel Batyuk)

* ToF-700 fragment analysis in Ar run
(Lalyo Kovachev)

* ToF-400 fragment analysis in Ar run
(Ksenia Alishina)

* ToF-700 1t+,K+ analysis in Ar run
(Anastasia Huhaeva)

Vasilii Plomikav, 04.10.2021

SI/GEM efficiency (Data vs MC)

e Effgycem for
Data and

. MC are
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Vasilii Plotnikov, 04.10.2021
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BM@N

Identified track residuals.
Tunlng results (S| GEI\/I)

' — Data
— MC

Residuals
for Data
and MC

PEEERN NTIITITI W

- are close
p to each
ER 2 = other
suen  CSC efficiency (Data vs MC)

Runs 3756-4704, CSC Efficien: DCMQGSM, CSC Efficienc ]
g 60 ™ 60} W 1
= =
a0~ los| oF | 0.8
2088 - ”t' 06

9 'Bos] °© 0.4
20 Data Bo2] 2 MC 0.2
40 | 40
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x, cm x, cm

| Effogc, 20<Y <40 cm |
0.9

« Efficiencies for Data and MC are close to each other

Vasilii Plotnikov, 04.10.2021 22
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A-analysis in argon run - | Pavel Batyuk BM@N

Outline: Calculation scheme:
NGemHits = 3 h‘p:xrx_.pcrmbckwaq‘hmkr:ﬁﬁ'm
NSilHits = 1
.. . . - Faur GEM hits
@ Towards realistic Monte Carlo simulation of BM@N o
Central Tracker LI . s0rvo1)
. ) . - SILICON & 010 =] Acceaplance: +(0 - oulsade, 1 - insda)
@ Efficiencies of tracking procedure caleculated for silicon and . o e T
GEM part of BM@N Central tracker wiepy B0
GEM :
@ Preparations to get A" yields ... o Five GEN hits
L]
L B I GEM
Six GEM hits SILICON | @ ~1yu
. . .
(=]
- 00 +i0, 1) patht
=]
SILCON | o -
- #1/+1 -
M1 ® ® o
GEM

BT o colabonation RMecting of the BMGN Experiment ot the NICA Facility 2 BT o colsbonation Moeeting of the BMGN Experiment at the NICA Facility a

Looking at reconstructed A" in data and Monte Carlo Reconstruction of A" with realistic (improved) Monte Carlo (Target - Cu)
@ Do for all targets @ Lower valse of first bin amd upper vahie of last
@ Three chosen P, bins: (0.1, .35, {35 0.6) and Tl ware: el ot to suppress sigeal . . .
0.6, 1.3) GeV e significantly [dove whn analyzing all targts) Can we use this version of MC to get yields?
@ Three chosen 1 bins: (L5, 1.3), (1.3, 1.7) awd @ Forcach chasen bin (S & &%) b estimated
(1.7, 2.3) Fy=[0.1,0.35] Qe Py = L35, 0.6] GeViie P, = 0.6, 1.3] GaVic
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15 1501
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BT - cotboration Mooting of the BMON Experiment at the NICA Facility a
BT - coioboration Mecting of the BMGN Experiment at the NICA Facility &
A. Zinchenko




A-analysis in argon run - Il Pavel Batyuk BM@N

Geometrical cuts in data and Monte Carlo Conclusion:

DGA1

EReRe

g
]

@ Improved Monte Carlo of the BM@N Central Tracker
seems to be almost "matured™ some small fixes for silicon
part of the tracker required

&

R T T T R T R R VR ¥ )

¢ Suppression of A" signal looks reasonable in Monte Carlo if

“::_ compared with experimental data
a5t @ Next step of the work consists of getting A" yields for all
=8 | o
ansk targets
B Ei 0Z 03 04 05 08 07 08 08
DOAIE [om]
.
@ Achieved relatively good agreement between Monte Carlo
and data by making use of the same set of geometrical cuts
r
BT o colabonation RMecting of the BMGN Experiment ot the NICA Facility 10 BT o colsbonation Moeeting of the BMGN Experiment at the NICA Facility 12

A. Zinchenko




Monte Carlo feasibility studies for heavy-ion

Interactions - | Alexander Zinchenko

geometry in future runs M@ Data set in Run 8

x 1172

Mean y .

| Std Dev x 0.5718

W, (SdDevy 0204

25¢ |Ganontodl(:' ——
F Mean

3 (4) stations Detectors:  Si (3 stations) + GEMs (7 stations) . "52
Generator:  DCM-SMM, Xe+Sn at T, = 3.9A GeV % 1000 KI o7+ '
(\fs,w =3.296 GeV), 10k-5M min. Bias events E‘ [ 05
I PID: TOF (if needed) g | Sipna= 00025 |
Si tracker GEMs Statistics: K’ - 8818 within 50 cm of primary vertex (in 10k events) s09) Z’.’;‘.Q . 450

— 10225 within 50 cm of primary vertex (in 10k events) el g !
E - 111in 10k (54175 in 5M) & .
Q" -95in 5M
AH?=6309 in 5M — enriched \H? sample (randomly add 1 ,\H?
per 30 events according to y-p; distribution) — scale factor 27.4 10k interactions
4 station STS (CBM-type) =0 2 R 28 a-:ml;'s
05.102021 A. Zinchenko H 05.102021 A, Zinchenko 3 05.102021 A. Zinchenko 9

—— q 5
ks e
=" reconstruction in Run 8 - 3 i
= and  H° reconstruction BM@N
L o % o 100 [ Background for 5M events o i
> b 3 v, F
38 36 3% 3 3 4005 W' .
& i im e -3
o *n | S 3000
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T | 2 & H 2 [ Sigma = 0.0009
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2180 2 : R é Mass = 13214 i
g Mass = 1.3213 o v [~ exeg Z 0 Sigma =0.0009 100
H Sigma = 0.0010 | [ | SiB= 102 [
- =3 1 I 1 050 05 1 15 2 25 3 35 [ S 9 |
0 S/B=30 T R S T VR R T ! Eff.=13% P - i
S/(S+B=158 M,,, Gevic M,,, Gevic" Rapidity 29 2% 298 3 02 3m
Eff, = 06% x . . 0 M, GeV/c?
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M, GeVict E T SB=1.1 25- ""T “‘“ g | Mass =2.9919
& 200] S/S+B =164 i 2 200 Sigma = 00011
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. . [ _lw" Fif.=0.3% 150 Efficiency = (reconstructed, identified and selected Hyp) / [ Eff. = 1.0%
5M interactions Equivalent statistics wol S § (all generated Hyp after GEANT within 50 cm of PV) ioif
~140M events r ,’ < 15 - includes branching ratios, detector acceptance and |
| e * 05 reconstruction efficiency
TR “nim“ S s R ELR R zs a 35 9
‘y - - & o 200 A .
M, GeVid Po8 29 2% 3 03
05.102021 A. Zinchenko 1 05.102021 A. Zinchenko 15 05.102021
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Performance studies for future flow

measurements in heavy-ion collisions - |
Petr Parfenov

BM@N

Why do we need new flow measurements with BM@N? Acceptance: tracking + TOF PID Momentum extrapolated to z=0 using PDG;
Require matched TOF hit
Ypeam = 1-163
o T T AR AR AL BRI DAL A k- C T T L5 3 T 3
[ [+ HADES HADES ] L AuvAu 5, 20 - 624 GeV, mid-central ® 200Gev. Fopt e ! r E b protons
- EOS AuAu 1.15 AGeV AutAu 123 AGeV 0:2:F: ki § ¢ soonirom I
«+ KaOS AuAu 1AGeV Certraiity 20-30% s s 48T 4 cucenrom 1 3 E -
011" . KaOS BiBi 1AGeV P L t PEETO L amomems osk " k3 3 TOF400+700
FOPIly_ 1<0.3 (21-30.9%) ~om = 1 ! ¥ s000ev.sTAR ol £ E 3 3 v
) © amev.em ]
L » amceemo o4 + R
3 O 770w,STAR 02f 1 £ 4 8 B
¥ 4 1scar.sTAR 1 S
145Gl STAR 23 T 3
+ 190 Gev.STAR 3 [ k3 protons
strogon £ 4
© moev.sTan L vk
¥ 624 GeV.5TAR > osf ‘3 +
3 08F = 3 There are no pions at midrapidity in
Y k3 TOF acceptance
1 1 1 | 1 2 L ; : ¥ 7
0 02040608 1 1214 16 1.8 2 > 3 4 % T :;cg;r;:lce?ptancels very
p, (GeV/c) P, (GeVic) 12b i s protons
% TOF700 | |Q
o 4 Will there be track matching with
+ Lack of differential flow measurements at \/sNN=2‘3-3.3 GeV o913 both TOF400 and TOF700 hits?
« Difference between results from different experiments (e.g. FOPI vs. HADES) o2f o PO i for
i o N . . | R N, ; PR ow it is associated for the
is the main source of existing systematic errors in v measurements T T T L e tracks that have hits in both TOFs?

«  Future BM@N data for \/sNN=2A3-3.3 GeV) will provide detailed and robust v, measurements

Event plane distributions for mid-central collisions (b = 5-6 fm)

Qlu)
Upp=lay (——
kP Qi

Summary

Anisotropic flow at BM@N energy range:

"

- + Cascade models fail to reproduce v_and the models with
raw recentered flattened incorporated mean-field theory with different EoS are required
= « There's a difference between v,(p;) of protons and neutrons
o Xe+Sn data with BM@N GEANT4 simulation and CA-tracking reconstruction:
+ Asymmetry in reconstructed vertex position and DCA of pions
-
« Currently, there’s a mismatching for protons where
- the praton track is associated with the pion hitin TOF400 / TOF700
« TOF400 acceptance should be optimized to improve acceptance
- of pions and protons, especially near mid-rapidity region
« Event plane determination using FHCal is implemented,
corrections for the non-uniform acceptance should be further investigated
Further investigation of acceptance corrections is needed
08.10.2021 A. Zinchenko
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MC generators DCM-QGSM and DCM-

SIY Y

Contents

*  Motivation

- LAQGSM
.+ DCM-QGSM
«  DCM-SMM

+  Comparison:
o Similarity and difference
o Spectators yield
* Determination of numbers of participants and spectators
*  Conclusions
* Plans for Future

Models: DCM-QGSM vs DCM-SMM

DCM-QGSM DCM-SMM
Preequilibrium emission
Sequential evaporation

C+Ag, 4.5 A GeV

Evapotation
C+Ag, 4.5 A GeV

3
) 10° z 10°%
S kK « data E [ idaa
§ —DCM-QGSM 3 | —DCM-SMM
3

ik
CR’
T

107}

10

[
Y045 o CoCu ¥ 03 wCor
04 = CN «CeCu
o038 +C<C 03 bovsecy
LAQGSM g3 DCM-QGSM 02
. 2
LR st
a3

Statistical Multifragmentation

08.10.2021

Genis Musulmanbekov

LAQGSM and DCM-QGSM

Participant/overlap region

¥ Production of species (mesons, nucleons, resonances, hyperons, ...) in
binary collisions;

LAQGSM overestimates meson production for

« larger colliding nuclei (kaons even at production threshould)
+ higher energies
+ more centralities

DCM-QGSM is modified LAQGSM

+ Meson production is suppressed artificially (by formation time)
for better agreement with experimental data.
+ Corrections of different channels with hyperon production

CoX, A yield CaX, A yield
a 05 a 04
£°7 <o 2

A

o

008

% as 4

Conclusions

* DCM-SMM is more reliable for description of the residual
nucleus spallation

+ DCM-QGSM with sequential evaporation of the residual
nucleus more or less agrees with DCM-SMM for peripheral
events

* Plans: to combine both into the generator DCM-
QGSM-SMM

24

A. Zinchenko

DCM-QGSM and DCM-SMM

Spectator region - nuclear spallation

DCM-QGSM,

¥ Preequilibrium emission
¥ Fermi break-up

v Sequential Evaporation
¥ Fission

DCM-SMM
v Fermi break-up
v Multifragmentation
¥ Evaporation
¥ Fission

DCM-QGSM-SMM: Plans for Future

Any transport model with characteristics of binay collisions

taken from exp. data overestimates particle production for
heavy ion collisions

1. Modification of nucleon properties in heavy ion collisions
2. Inclusion of heavy resonances in binary collisions
3. Development of the mechanism of strangeness enhancement

4. Development of the mechanism of enhancement of mass
spectra dileptons




Clusters in transport approaches

Victor Kireyeu

Basic models for heavy-ion collisions 1 The origin of clusters
4

P'I“J'edil":f tar_get spectators: heavy cluster formation "Cluster dynamics studied with the phase-space Minimum Spanning Tree approach”,
Midrapidity: fight clusters V. Kireyeu, Phys. Rev. C 103, 054905 (2021), arXiv:2103.10542

In order to understand the microscopic origin of clusters formation one needs:

+ a realistic model for the dynamical time evolution of the HIC
+ dynamical modeling of cluster formation based on interactions ' '
Cluster formation is sensitive to nucleon dynamics — one needs to keep initial .

and final nucleon correlations by realistic nucleon-nucleon interactions in transport
models:

+ Open source C4+ library licensed under the terms of the GNU GPLv3.
o Based on the idea of the MST algorithm (proximity criteria).

+ Momentum criteria: psMST can be used to study the influence of the
momentum correlations of nucleons and hyperons for the formation of
1QMD: Ch. Hartnack (hyper)nude"_

¢ Quantum-Molecular Dynamics (QMD) - allows to keep correlations.
o (Can be applied to all transport models which propagate hadrons.

o Mean-filed (MF) based madels - correlations are smeared out. (Anti)hypernuclei production:
« at mid-rapidity by A coalescence during expansion
» at projectile/target rapidity by re-scattering/absorption of A by spectators Praviously "Naive Clusterization", "Kinetic Clusterization".
Ath Collaboration Mezting of the BM@N Experiment at the NICA Facility V. Kireyeu s 8th Collabaration Mesting of the BM@N Experiment at the NICA Fadlity V. Kireyeu 2 8th Collaboration Mesting of the BM@N Experiment at the NICA Faclity V. Kireyeu 10/23
LY - ¥
ArtAl ArtCu ArtSn Arthl ArtCu ArtSn ArtPb + The psMST alorithm has been applied to QMID-based PHQMD-2.0 density
" el e M i e B8 i e i EE T e T e dependent 2-body potential), mean field based PHSD-2.0 (mean-field potential
& ":: = ':F oD ":F ':': E ' i ! E maa) for baryons) and two models SMASH-2.0 and UrQMD-3.4, both in the cascade
E "’:: w:; | w:: - v:: mode without potentials.
w'f w'f 'y w
g | W o T 2 o The PHQMD with psMST predicts more clusters in the mid-rapidity region than
T, U, T, e MR R MO S the other models — the n-body quantum molecular dynamics allows to keep the

potential induced spacial correlations of baryons.

AALL, s B2 - Bl vl e REA o B AP S RENN o B IOALE, o K, » Bl Il B oA [, e B el o Kot o Bt I, REABY, ¢ B . . . .
N e M jue=m R = i I el I + The psMST library is an open source tool which can be used in the stand-alone
E L E {E 1 %‘ ' tlﬁn | E[ﬁ\ ' mode or can be integrated into experimental software frameworks for the
1 X 0’| ' o' . . .
2 wh 2 . b R el simulations of the clusters production.
- wp Ll o i il ]
i L] W w
wp " oo Ll bt
w S ﬂlillll.llu‘l!‘l‘u o RN nlillllllp‘l!;“
Clusters at low energies are sensitive to the potential interactions.
Ath Collaboration Meeting of the BM@N Experiment at the NICA Facility V. Kireyeu 1423 Bth Collaboration Meeting of the BMEN Experiment at the NICA Facility V. Kireyeu 16/23 th Calberation Mesting of the EMN Expariment 2t the NICA Faclty V. Kirge 20/2
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Spin Physics Detector: concept and

program - | Vladimir Ladygin

SPD collaboration Requirements to polarized

SPD and World polarized pp- facilities

BM@N

beam facility -
w10 E : p T AFTER & LMCspi
= : i : ine
& : SATURNE | o (NTICA’leNm I el
© - pT-p P-P
- polarized and nonpolarized pp- , dd-collisions —10%2 Sff';’; P
- ptpt(p) at Vs, =12 + 27 GeV (5 + 12.6 GeV kinetic energy) = i
Armenia - drdi(d) at vS,,= 4 + 13 GeV (2 + 5.5 GeV/u kinetic energy) " & SeAsTEL //
Belarus -L_ = 110E+32 cm’s'(at Vs > 27 GeV) 107 7o, ) 7 AR R
Chile ay = pT-pl
China - sufficient lifetime and polarization degree (few hours, 70%) r © H
Cuba - longitudinal and transverse polarization in MPD and SPD 10%0 - ANK EZ04 ) PHENIX & STAR |
Czechia - pd- collision mode should be available E (COSTY' J Tlic*) (Fermilab) / (m‘“TC. B‘?L)
Egypt o RI=P ’ ptipt : pPi+p
Z;‘?"ce The facility operation in pp - mode at Vs = 27 GeV reaching 102 E ‘ //
Pol’;nd average luminosity of 1.0E+32 cm-2-s-1 remains the first E
Russia priority task for coming years. - : i
Serbia 10281—— = A \1|0' i Py 1|00 RS St
3%’;,,,2”’” 33 laboratories and individual contributors from 14 countries Vs

Polarized dd-collisions are only at SPD!

- 300 participants
4

Scientific mission of SPD

SPD first stage physics

Layout of SPD
-Contribute to the world effort in understanding the strong interaction using Vertex  Electromagnetic
unpolarized and polarized pp, pd and dd collisions at Vs, =27 GeV. sraw Mo Clpumeter 1nkap
Spin amplitudes of NN elastic scattering s Lot [

-Origin of the hadron mass: the Higgs Range Syiem =
mechanism accounts for some percent Di-quarks dynamics Beanrbeam counter Magnet systen
of the hadron mass: gluon dynamics M A

0 kil i Vector meson production (strange, charm...) : ; a
-Multiquark states o, perturbative QCD strong QCD ST Endeap

o8 i spin-isospin effects, backward emission... RS Endeap
-Structure of the nucleon (charge, SEr de »
magnetic, spin distributions) and of a6- S Deuteron short range spin structure

light nuclei

-Open questions in light nuclei structure -
spin observables 92 . ¥

Scaling properties of spin observables

nucleon radius

Diffractive and hard scattering

iObfer(\:/ab(I:es in ion-)ion collisions " to* OIM'L"I Heavy ion collisions
up to Ca-Ca system
13 renas .
CDR of SPD, arXiv:2102.00442 ~9m

A. Zinchenko

1

Size of the
detector is limited
by its weight
<1200 ton

MF at the axis
is ~1T

Collision rate
~4 MHz using
triggerless DAQ
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Spin Physics Detector: concept and

program - 11 Vladimir Ladygin
% Synergy with BM@N

-Complimentarity of the physics programs for symmetric

collisions (energy scan): pp-, dd-, CC- .... CaCa-

-Possibility to study spin effects and polarization

-
Technical area ||

BN

phenomena in the fixed target mode in

pp-, dp-, dd-, dA- collisions; :
-Joint efforts in R&D for novel detectors: T
gaseous (GEM-straw), MAPS, SiPM readout etc.

using SPD test facilities.

Conclusions

Beam test area of SPD at Nuclotron

SPD (Spin Physics Detector) at the JINR-NICA collider - a
multipurpose 4rt detector for QCD studies with polarized
proton and deuteron beams at Vs up to 27 GeV.

SPD - a facility for comprehensive study of gluon content in

— proton and deuteron at large x
2 target stations,

2 spectrometers with PID

SPD - unique facility for polarized deuteron collisions
gas, DAQ, DCS (TANGO, WinCC)

A strong tradition for polarized beams and targets exists at

: p > PMeV/ic| d [pn|x" [K" K [u" | e - i i
Invite BM@N with their o T T B B BT AR JINR-DUBNA, where unique .polan_zed proton, neutron
ST 3 and deuteron beams are available in the GeV range.
needs and contribution 800 10° | 10* | 10* | 10® | 10* | 10® | 10°
1500 10 [ 10* [ 10* | 10° | 10? | 10? | 107 . .
2000 10° | 105 | 10* | 10° | 102 | 10% | 102 SPD is open for new ideas and collaborators.
7000 10* | 10° | 10* | 10° | 107 | 107 | 107

08.10.2021 A. Zinchenko




Polarization studies at Nuclotron and

BM@N Vladimir Ladygin BM@N

Transportation line of the Nuclotron extracted beam to the
BM@N spectrometer

Polarization observables for polarized deuteron induced reactions Polarization observables for polarized deuteron induced reactions

Transportation line from Nuclatron to F3 (beam line NJCH-12A

| — e Target position is in F5 3He(d,p)‘He Target position is near F6
s — 1 - ( .
——— l ]l:6~ \// -The lens'nrA“ and vector A,ana]y"zing
b.205 w Ao i powersin  dd— “Hp (*Hen) reaction at
> / forward angles to study unexplained
P @ F5

structure in tensor observables sensitive
to the 3-body spin structure.

Spin physics with BM@N can be : )
BSS(.)C.l'dled with dlff'El‘El'lt target + The measurements of the tensor analyzing power T, and Spil; correlation C | in
positions: at F5, F6' and F6. "

the *He(d,p)‘He reaction in the kinetic energy range between 1.0 and 1.75 GeV
can be performed at the BM@N area.
* The polarization observables for the p(d,p)d, d(d,p)t and d(Ap(0°)X at
intermediate and high energies also can be studied.
* Non-nucleonic degrees of freedom and baryonic resonances properties can be
studied in the d(A,d(07))X and d(A, 1 (07))X reactions at different energies.
6 + The tensor analyzing power T, can be studied for the meson production in the
d(A,3He(07))X reactions.

14
7
Hot topic: d*(2380) - 0(3+) resonance .
Conclusion
d*(2380): 1=0 J=3+ '=70 MeV T HADES plans
| 5 » . . . . .
n P YD)t ST A SEIT | s I , BM@N setup is well suited for the physics with polarized
o /¥ d (pn)? 3 % Beam Energy Scan for proton and deuterons using new SPL
\\/ neutron lnig%m‘?mmns on
i = oGS G
Bkt ks * L o Dot B\ Such measurements can provide new insight to spin structure
- pn->pnmtm . ‘ of SRC, mechanisms of baryonic resonances and d*
=U.5 . 35 1 | .
‘é’ oldr*n™) = 26 (dn’n®) +1/2 o(dn*n®) Ke) + Cambridge 1969 [14] ——— Bystricky [20] il o=l productmn.
- | E of U Gatchina 1982(18) - -+ modit. Valencia [33) l
© » =0 ©  Gatchina 1983[19] — ~ — Albaladejo [49]
oA “ . " Sinneeul ity STk g However, such program requires the advanced extracted
J - 1) .
WASA . | Ly deuteron beam polarimetry.
uf HADE! )
1.5)
0>2~ 1 meter
! BM@N advantages:
0s -magnetic analysis in forward direction
97 = 2 T -polarized beam!
W [GeV] . s Ty [GOV]
No resonance signature in excitation Investigation of the vector analyzing power A in neutron induced reactions (with the proton
function of pn -> new HADES 5 o " £ .
e 16 spectator detection) like np—~pn, np=ppTr , np=pnT'T, np—dT'T etc. reactions at the 19
: energies 1.0-2.0 GeV. 18
08.10.2021 A. Zinchenko
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Possible exclusive d+p reactions to study at

BM@N Yury Uzikov S

08.10.2021



Analysis activity in several directions: Run6, Run7 PID,
Run7 VV0s, SRC, preparations for future runs, ideas for the
physics program extension.

08.10.2021 A. Zinchenko



