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NICA Three meetings on formation of BM@N

the MPD and BM@N Collaborations

carried out in Dubna in 2018 and April 2019
Next BM@N meeting in October 2019

=

BM@N Collaboration: 21 Institutions from 11 countries, 230 participants
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Physics possibilities at the Nuclotron BM@N

I. In A+A collisions at Nuclotron energies:
AGS NA49 BRAH MS

1 LI llllll

[ Opening thresholds for strange and multi- PR
strange hyperon production 103;. r e

= strangeness at threshold f / / :
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=» Need more precise data for g

107 ,/’ ' E
strange mesons and hyperons, < i !
multi- variable distributions, = 1 s A (x0.02) E
unexplored energy range a: 1 A E(x01) 3
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» Collective flows v, v, el o 1, TK : 7/ A e
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I1. In p+p, p+n, p+A collisions: ; = P

. . . Nuclotron energies \[s\y (GeV)
=hadron production in elementary reactions

and ,cold‘ nuclear matter as ,reference‘ to pin
down nuclear effects
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Heavy-ions A+A: Study of the EoS with

strangeness

< The nuclear dynamics is defined by the
EoS (via density dependent NN-interaction)

=20bservables sensitive to EoS:
collective flow (vy,v3,...)

particle ratios

Direct information — proton v,,v,

Alternative information — via strangeness

1 Experience from SIS and AGS :

ratio of K* yield Au+Au/C+C at SIS energies

and proton v,,v, favor a soft EoS

(somewhat sensitive to the details of models)

=> Density dependence of the EoS can be
studied in BM@N by a beam energy scan
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Explore high density baryonic matter

Baryonic densities in central Au+Au collisions

FAIR SIS-100 / Nuclotron

5 A GeV
5 A GeV Au + Au (b=0): p(0,0,0.t)
2.0 L} L] Ll Ll l L] L) Ll L] ' L] L]
= 3-fluid

I : — PHSD
151 P UrQMD ]
L / \ *— QGSM
\,— GiBUU ]

1 1 i 1 M M M " 1 " M M "
0 5 10 15
Elapsed time t (fm/c)

|.C. Arsene at al., Phys. Rev. C75 (2007) 34902.
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EOS of symmetric and asymmetric nuclear matter

Ch. Fuchs and H.H. Wolter, EF’JA 30 (2006) 5
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soft EOS (K=240 MeV) / hard EOS (K=350) MeV
cc"‘é‘,z.sj , , ~ : -m
s Q- Q*
o 2 o
o [ =
Ll - — —+
1.5} f AT
— . —l
A
0.5
» PHQMD prellmlnary calculatlons
C | [T B
O

EOS: relation between density, pressure,
temperature, energy and isospin asymmetry

EA(p:B) = EA(paO)-I_Esym(p)'6:2
with 0= (p,—p,)/P

Curvature defined by nuclear
incompressibility: K = 9p? 8%(E/A)/5p?

» Study symmetric matter EOS at p=3-5 p°
— elliptic flow of protons, mesons and

hyperons
— sub-threshold production of strange
mesons and hyperons

» Constrain symmetry energy Eg,,
— elliptic flow of neutrons vs protons
— sub-threshold production of particles

2 4 6 8 10

I 1 2 [

with opposite isospin

Threshold energy, GeV 8
BM@N experiment
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Heavy-ions A+A: Hypernuclei production = *° A

MPD
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U In heavy-ion reactions: production of hypernuclei through coalescence of A
with light fragments enhanced at high baryon densities

L Maximal yield predicted for Vs=4-5A GeV (stat. model) (interplay of A and
light nuclei excitation function)
» BM@N energy range is suited for search of hyper-nuclei

M.Kapishin BM@N experiment



Nuclotron and BM@N beam line BM@N

26 elements of magnetic optics:

— 8 dipole magnets

— 18 quadruple lenses
Requirements for Au beam:
* Minimum dead material

— need to replace air intervals / foils with
vacutm

T
Benmunayus
——
u

_160m Building 205 ‘
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Configuration of BM@N detector for pM@N
heavy ion program (without beampipe)

CSCa

ToF-400# ToF-700 &

wSi beam tracker

=Si beam tracker ; 3 AN
\ &/
BC1 \ \ e
1} ) [
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_@:'
g BM@N run with Ar and Kr bearggclnDl\(/:lgrlczh 2018 BM@N

cem |II[
Ar beam, T,= 3.2 GeV/n MWPC T II 2DC
X BMDI I = 1
‘ Z 7 I\ -
N\
Analyzi

Kr beam, T = 2.4 (2.9) mf:;ziltng i
GeV/n 3 Si planes SP-41 ECAL ToF-400,700

» Central tracker inside analyzing magnet — 6 GEM detectors 163 x 45 cm?

and forward Si strip detectors for tracking

* ToF system, trigger detectors, hadron and EM calorimeters, outer tracker
— Partial coverage of BM@N design configuration

Program:

» Measure inelastic reactions Ar (Kr) + target — X on targets Al, Cu, Sn, Pb

— Hyperon production measured in central tracker (Si + GEM)

— Charged particles and nuclear fragments identified with ToF

— Gamma and multi-gamma states identified in ECAL

+ analyze data from previous technical run with Carbon beam of 3.5-4.5
GeV/n

M.Kapishin BM@N experiment
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6 big GEMSs, trigger detectors,
3 Si detectors, CSC chamber,
full set of ToF detectors

4 -
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Silicon + GEM central tracker in Ar, Kr runs BM@N

3 Forward Si detectors and 6 GEM detectors

Kolesnikov A0

Ar+Cu interaction reconstructed in central
tracker

M.Kapishin BM@N experiment



LAQGSM, central, 3.36 GeV Au+Au, nt, 4 m from the target

i
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ToF-400 region

.-~ | ToF-700 region
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BM@N Status of TOF-400 particle identification

Ar beam, 3.2 AGeV, Ar + C,Al,Sn,Cu — X

First expected results: Bk

 Ratio of K*/mr* in Ar - nucleus
: . . 0.9F
Interactions at beam kinetic C
energy of 3.2 AGeV -

 Ratio of K*/it* in Kr - nucleus
Interactions at beam kinetic
energy of 2.4 AGeV

8 35000f— h
o E Kr beam, proton, 2<pgq<5 Entries 702232
£ 30000 Mean ~0.006688
c
3 - Std Dev 0.0966
25000 2/ ndf 5531 /57
- Constant 3.22e+04 + 5.20e+01
20000 —
- Mean  —0.0008037 + 0.0001065
15000 Sigma 0.08414 + 0.00009
10000 [—
5000 |—
oL | ‘|H#WTF|‘ e
-1 0.8 -0.6 -0.4 -0.2 0 0.2

0.4 0.6 0.8 1
TOFMeasured - TOFIdeal, ns

Time resolution within proton band
~85 ps
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&) TECHNISCHE I I-MassachusenL
S19/7) UNIVERSITAT " Institute of
7% DARMSTADT

BM@N BMN & SRC program “,?;'

TEL AUN UNIVERSITY Technology
to study SRC with hard inverse First SRC @ BMN run in March 2018
kinematic reactions TOF —
— GEM'__/!EC\H\’%R

1oé '/1OBe ’ P

12C

Projectile Free target .
proton

“C+p—-2p+'{B+n npSRC
“C+p—-2p+'/Be+p ppSRC

Lig H.

Objectives:
* identify 2N-SRC events with inverse kinematics
* study isospin decomposition of 2N-SRC %
» study A-2 spectator nuclear system 2:2;
First expected result:
e Study A-2 residual system
after SRC knockout :

Zéum of X
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=9,
A~

A—pT1r-decay reconstruction in Si+GEM
tracker in C+C interaction

M.Kapishin

> A hyperon production in 4A GeV Carbon- pMn@N

iyt s

nucleus interactions

Event topology:

v PV —primary vertex

v 'V, —vertex of hyperon decay

v’ dca - distance of the closest approact
v’ path — decay length

Analysis without PID

BM@N experiment



A hyperon signals in 4A GeV Carbon- pM@N
nucleus interactions

) i : b 3000 :
> 1400 A= p+T (C+C, 4A GeV) S A p+T (C+AL 4A GeV)
= i = g
\n L 2 ' B 2
< 1200 m = 1.1152 GeV/c o 25001 m = 1.1157 GeV/c
E - G = 2.8 MeV/c? g B G =2.5 MeV/c?
= - = I
= 1000 = 5000
800 [
- 1500
6(?)_ I N I S RO SN YN N N AN TN NN SN N N
08 1.1 .12 1.14 1.16 1.18 1.08 1.1 1.12 1.14 1.16 118
M(p ) [GeV/c?] M(p ) [GeV/c?]
-:; i A—> p+T (C+Cu, 4A GeV)
=
= 2 C beam 4 AGeV
- - = 1.1162 GeV/ . :
< 000 " 24Mw‘°‘2 ’ C + C,AL,Cu — A + X minimum bias
w o =_. ev/c . .
£ A signal width 2.4 — 3 MeV
S
C+C: 4.6M triggers
2000 C+Al: 5.3M triggers
C+Cu: 5.3M triggers
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
1.08 1.1 1.12 1.14 1.16 1.18

M., [GeV/c] 2.5 days of data taking
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A hyperon yield in 4A GeV Carbon- BM@N
nucleus min bias interactions

%’%‘ BM@N Preliminary %|-§’ BM@N Preliminary %’%‘ BM@N Preliminary
0.1 A, C+C, MB, 4A GeV 0.1 A, C+Al, MB, 4A GeV 0.1~ A, C+Cu, MB, 4A GeV
® Data ® Data e Data
— UrQMD — UrQMD — UrQMD
0.05 0.05 0.05- -\i-@\
0 | | | | 0 | 1 | 1 0 | | | |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
y y y

measured kinematic range 0.1<p;<1.05 GeV/c, 0.03<y’< 0.93
data are corrected for acceptance and reconstruction efficiency

 Yield of A in C+C, C+Al, C+ Cu minimum bias interactions in
dependence on rapidity y*in c.m.s. Y*=VY,5-1.17

« Data compared with predictions of DCM-QGSM and UrQMD models

» DCM-QGSM predictions overestimate data

» UrQMD predictions are in better agreement with data

M.Kapishin BM@N experiment



A hyperon invariant p; spectra in 4A GeV pM@N
Carbon-nucleus interactions

g BM@N Preliminary g BM®@N Preliminary ;‘i BM®@N Preliminary
0.3 0.3 > 03

S A, C+C,MB,4AGeV | O A C+AlLMB, 4AGeV | O A, G+Cu, MB, 4A GeV

=, >, =,
NZ = ® Data % F:E-« ® Data r% -:E" ® Data
<lg 02 — DCM-QGSM < 0.2 — DCM-QGSM < 0.2 — DCM-QGSM

e . = _ = _
,_| s UrQMD -5 UrQMD s UrQMD

0'1 \ ] )
0 | | | 0 | | | | 0 | | | |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
P, [GeV/c] Py [GeV/e] Py [GeV/c]

« Fit of invariant p; spectra of Ayields in C+C, C+Al, C+Cu minimum bias
interactions by function:

1/p;-aPN/dp-dy = A-exp(-(M-m,)/T), m=V(m,>+p?)

* Inv slope T in comparison with predictions of DCM-QGSM and UrQMD models

T [MeV] C+C T [MeV] C+AI T [MeV] C+Cu
BM@N Preliminary 113+14+£11 146 £ 19+ 15 17024 £ 20

DCM-QGSM 124+4 123+4 130+4
UrQMD 105+4 123+4 133+4
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A hyperon yield and cross section in
4 AGeV Carbon-nucleus interactions

BM@N

C+C C+Al C+Cu

A yield in the
measured kinematic ) 0 | 00011 +0.0012 | 0.0241 % 0.0020 £ 0.0019 | 0.0333 + 0.0026 + 0.0024
range 0.1<p;<1.05
GeV/c, 0.03<y"<0.93
A yield in the full
kinematic range, N, |0.0355 + 0.0031 +0.0033 | 0.0744  0.0062 + 0.0058 | 0.142 + 0.011 + 0.012
N part DCM-QGSM 9 13.4 23
A min bias cross

290.5+26+2.1 03.8+7.846.3 254 + 20 + 20

section 0,2 [mb]

1) Used averaged extrapolation factor from DCM-QGSM and UrQMD models

2) c’-I\ = I\II\ ) cyinel

M.Kapishin
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Energy dependence of A hyperon yields pm@N
In minimum bias C+C interactions

Z A, C+C, MB
0.1

o BM®@N Preliminary
—— DCM-QGSM
— UrQMD

HADES
® Propan Chamber

0.05—

T,[AGeV]

Next plans:
— add results for semi-central C+A interactions
— add results for 3.5 and 4.5 AGeV Carbon beam data

M.Kapishin BM@N experiment



Forward Si, STS and GEM detectors BM@N

iyt s

4 STS 4 STS +7 GEM

| Primaries, Si | 35000~ [ Primaries: Si + GEMs |
8000" i E
7000 ] StdDev 002147 30000- Std Dev 0.02252
E ! Constant 7574 C Constant 3.296e+04
6000¢ Mean  —0.0007965 250001 Mean  -0.0004989
F ) F Si 0.006
5000° slame__0.01479 20000" = E
4000 15000
3000- I g
ZOOOE " “ 10000E [
1000~ /] 5000:
E S 7 A A Bt AR T P B
78.25—0.270.1 5-0.1+-0.05 0 0.05 0.1 0.15 0.2 0.25 78.25—0.270.1 5-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25
Ap/p Ap/p
% 60:—|Invariant mass: A—p+T (Au+Au)}— N 140 Invariant mass: A—p+n (Au+Au) ’— z
3 eof 3 120
> a0l Mass = 1.1158 = 100 Mass = 1.1155 EM+ 4 STS + 3 Fwd Si
2 F Sigma = 0.0011 2 Sigma = 0.0009
£ 30f STS (4st) S/B=6.0 E STS+GEM S/B=39
E S=100 S=222
20 S/S+B=9.3 S/VS+B = 13.0
105 o]
i " A M
] h A T | " f A T3 hited_| L | " L L 1 L L L 1 h L N | L L L
‘P.DS 1.1 1.12 1.14 1.16 1.18 'EDS 1.1 1.12 1.14 1.16 1.18

M,,, GeV/c? M, GeV/c’

Hybrid STS + GEM tracker vs STS:

» 2 times increase in number of
reconstructed tracks and A hyperons
» 2 times better momentum resolution

For heavy ion beam intensities few 106 Hz
— keep 4 STS + 7 GEM
— fast FEE and readout electronics
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Beam parameters and setup at different

stages of BM@N experiment

2016

d(1)

0.5M
5k

6 GEM half
planes

technical
run

2017
spring

C
0.5M
5k

6 GEM half
planes

technical
run

2018
spring
ArKr,
C(SRC)
0.5M

10k

6 GEM half
planes +

3 forward Si
planes

technical
run+physics

BM@N experiment

fall 2020-
2021

C,Kr,Xe
0.5M
10k

7 GEM full
planes +
forward Si
planes

stagel
physics

2022
and later

up to Au
2M
20k—50k

7 GEM full
planes +
forward Si +
large STS
planes

stage?2
physics

BM@N



BM@N present status and next plans pm@N

« BM@N scientific program comprises studies of nuclear matter in
intermediate range between SI1S-18 and NICA/FAIR

« BM@N technical runs performed with carbon beam of T, = 3.5 - 4.5 AGeV,
Ar beam of 3.2 AGeV and Kr beam of 2.4 (2.9) AGeV on fixed targets

« Measurement of Short Range Correlations performed with inverse
kinematics: C beam + H, target

» First physics results obtained on Ayields in C + C, Al, Cu interactions

 Reconstruction and analysis of interactions of Ar, Kr beams with targets
and SRC data are progressing

« BM@N is on the way for heavy ion high intensity runs in 2020 and later:

« Extend central tracker with large aperture STS silicon detectors in front of
GEM setup (in collaboration with CBM)

M.Kapishin BM@N experiment
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for attention!
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(NICA) T BM@N

¢
. |
Study of EoS: Collective flow vod P
. . : - BM@N MPD, ,
of identified particles R —'
& in-plane
Azimuthal angle distribution: T o 4 e
dN/d@ o (1 + 2v, cosp + 2v, cos2p) | P Eg’%
. e - , 005 | II'Ii' . NEpe>
Nuclear incompressibility: K = 9p# 54(E/A)/6p T * STAR
B I ® Phobos
_nl1_LLLIITI_I_LI_LLLI.L' llld lllzl llllllll3| lflll.ll14| L1l
Proton flow in Au+Au collisions oot e o
: Epean/A (GEV)
in-plane flow ~ v, out-of-plane flow v,
Prmad Po’ ~2 ~3 ~5 ~7 Pmax/Po- ~2 ~3 57
[T LI LY UL R ] 2y — T —TT T —T
0.4 — i Egz?c - more pressure . 0.05:— less preSSUFe"‘-‘/f o P. Danielewicz, R. Lacey, W.G.

Lynch, Science 298 (2002) 1592

o EOS s K=380 MeV ]

03 [ ® EB89 e .. — - cascade .-~ 4 1
— | ] 000f———————— =" — Lyl
(o ] L i 4 J
2 1l [

o %2 0 1 N DATA
e 1 5 i
w 1 |8 0051 ¢ Plastic Ball -
S o EOS
01 L M T ] 210
- 167 ® E895
- . K 4 ol B . .
00 [ R ] 010 300 R E877

less pressure 1 - K=380MeV  more pressure

H L L L L : . llll ) 1 lllllll lllllll
0.1 05 1.0 5.0 100 0.1 05 1.0 50 10.0

Epean /A (GeV) E,.../A (GeV)
M.Kapishin BM@N experiment




GEM tracker: acceptance / momentum BM@N
resolution / detection efficiency

Phase space / acceptance to primary  pjomentum resolution / detection efficiency
protons: Au+Au, 4.5 AGeV

2 4_5:—1 Ap / p vs p: 12 stations, B = 0.44 |
o 3 | Phase space: prlmary protons | 450 o i
; - o S - 4:
d,) : -I,: _.\_':"" E'_.' ‘ 400 Q. -
G 2.5¢ '-"'-t i L < 3.5E .
L :._l-,.I i ;_\ _300 =
- e 250 25wy,
1.5 i i o 2; R S
- i 5200 1.50 ' \
| s T, i —150 1
C ::..':-;3 -"?‘ -'.'.;' 3 :'\:E'..\_.“..:J'—; A E
:—'5 . ""';fc-nu-nw--.e-f-“'\“ I“.-E'H. :. E 1 T T I T | L L
o % 1 2 3 a 5
-1 -0.5 0 05 1 15 2 25 3 35 p, GeV/c
Rapidity
o 3_| Reco. efficiency vs y vs p_: primary protons l_ 1 E;- B "Reconstructable” primaries: B = 0.44 |7
— ’ P o c 1
> i . ..‘--'ifl"->.'-".' . (] -
G 2.5° ,,jiﬁriﬁkgfa:;;:;,.~_ o2 S L P o e e i P
o = 08 Eos
i CaeE o7 8
: S | s 0.6/
1.5 ,{%f:,; ;, 0.5 :JJ
-  F .. | o4 0.4
I ;; . Ho3 i
0.5 & |02 021
F ¥ = 0.1 [
01050 05 1 15 2 25 3 350 % 1 2 3 4 5 6
Rapidity p, GeV/c
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*94

m\'

STS-1

607

STS-2

M.Kapishin

Team: LHEP JINR,

MSU, GSI, Tubingen

University

Total: 292 modules,

~600k channels

BM@N experiment

> Upgrade of central tracker with CBM STS

850um

910um

ST

BM@N

[S-3

7670m

889..



| 5@,‘" BM@N in technical run with carbon beam BM@N

s ECAL

Carbon beam, T,=3.5,4.0, mwrcC

4.5 GeV/n « BM I I
L

Si plan

ZDC

/A'nalyzing

magnet SP-41

/ DCH-1,2

ToF-400,700

* Focus on tests and commissioning of central tracker inside analyzing
magnet — 5 GEM detectors 66 x 41cm? + 2 GEM detectors 163 x 45 cm?
and 1 plane of Si detector for tracking

» Test / calibrate ToF, TO+Trigger barrel detector, full ZDC, part of ECAL

Program:

» Trace beam through detectors, align detectors, measure beam
momentum in mag. field 0f 0.3 -0.85T

* Measure inelastic reactions C + target — X with 3.5 - 4.5 AGeV carbon
beam on targets C, Al, Cu, Pb

M.Kapishin BM@N experiment 32



