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Heavy lon Collision Experiments
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Physics possibilities at the Nuclotron BM@N

I. In A+A collisions at Nuclotron energies:

AGS NA49 BRAHIVIS

d Opening thresholds for strange and multi- s BARLY
~ . Aut+Au/Pb+Pb, central

strange hyperon production 0’k v _

+

b

=> strangeness at threshold i / ]
, : , . . 1025"— -
107 EC+C Ni#Ni, FOPI . : ? / ;

L !
2 Need more precise datafor | [ao = fmg=Y] CF X E
strange mesons and hyperons, & z +f ]
multi- variable distributions, = [ g~ 1E s A (x0.02) -
unexplored energy range a3 3 A E(x0.) :
W p 8 / Q+Q (x 0.2) 1
= i -1 10 & . -
» Collective flows v,, v el o o o [ g ommK : J 500
1 72 -0.4 0.2 0.0 0.2 » .
Vs Vs, (GeV) g
10 §_ . /| ] —§
IL. In p+p, p+n, p+A collisions: : " o

: : . Nuclotron energies \s\ (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 BM@N
strangeness

EoS (via density dependent NN-interaction)

=2Observables sensitive to EoS:
collective flow (vy,v3,...)
particle ratios

_— tY
< The nuclear dynamics is defined by the Qﬁﬂ'g e
/ W
A v
Zz
tim@

Direct information — proton v,,v, /
. . . - P! .
Alternative information — via strangeness

|

4 T . T ¥ T ¥
RQMDHsoﬂ EOS, pot ChPT
- W hard EOS, pot ChPT

— soft EOS, IQMD, pot RMF

[C—hard EOS, IQMD, pot RMF

Q 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)

KaoS
soft EOS, IQMD, Giessen cs
hard EOS, IOMD, Giessen cg

=> Density dependence of the EoS can be
studied in BM@N by a beam energy scan

(MKJA)Auﬂ\u / (M K+;A)C+C
=

V.Plotnikov BM@N experiment



Explore high density baryonic matter

Baryonic densities in central Au+Au collisions

FAIR SIS-100 / Nuclotron
5A GeV

5 A GeV Au + Au (b=0): p(0,0,0,t)

2.0 T T I

—_— 3-fluid
- PHSD
urGmMmpD |

o QGSM -
I - — GBUU ]

F . . . R . B i
0 5 _ 10 15
Elapsed time t (fm/c)

I.C. Arsene at al., Phys. Rev. C75 (2007) 34902.
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Heavy-ions A+A: Hypernuclei production BM@X

MPD
%105"'”" C!'H 3|-|""I“"3H L LI L B R R B
% Ll “H:"‘H_: by 5102{ ; Au(4 A GeV)+Au b<2fm ,
% & , } g _._NEHQ % E -0,5<Y-)‘m<0.5 E
; 10* Al : M;He 10 - = \\.d\ .
= 10° i ot e
5 1K }‘ E
10° - :
5 AF ?He\ ]
- 10 10 F 3
. : ® ,
= 10§ . Wi 1
102 - 3F QGSM prediction 8 ]
L r — 90.3/12.0"" 1
10” 10 -4;_ 5.8/14.3™" -;
10 Ee: o '
105‘_; F‘I I‘H\“lo [ | 111:)2 L1111 1|11103 L L1 11 10 E' T T T T .l e o i '!
BM@N \s_l\ll\l (GeV) 0 1 2 3 " 4 5 6
U In heavy-ion reactions: production of hypernuclei through coalescence of A
with light fragments enhanced at high baryon densities
U 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
7

V.Plotnikov BM@N experiment



V.Plotnikov

R
=Si beam pM

Configuration of BM@N detector for BM@N
heavy ion program (without beampipe)

CSCa

= Analyzing Magnet ToF-400 ToF-700 =

= STS

= Barrel

&rge’ | ...::..:..:: ;;.:_.:

= Si beam tracker

e ercker >
. Si beum_ W
=BC1 Yl

=Si beam profiler

mFwdSi
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N0
_ﬂg»,_. BM@N run with Ar and Kr bear(rzlgclnDl\élﬂgh 2018 BM@N

cem |JI[
Ar beam, T,= 3.2 GeVIn e T II ZDC
o i
5 N
Z B
Kr beam, T,= 2.4 (2.9) G mane I
r beam, T,= 2.4 (2. _gmagnet | H| [N
° 3 Si SP-41  ECAL ToF-400,700

GeV/n
e Central tracker inside arfa?yzmg 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 designh 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 9
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BM@N Status of TOF-400 particle identification
Arbeam 3.2 AGeV , Ar+CAI Sn,Cu - X

2500

2000

11500

1000

500

First expected results: B ”; '-*“"‘-‘;i'.;.”.ﬁiii-i -- b
1—
*Ratio of K*/Tt* in Ar - nucleus 5
interactions at beam kinetic -
energy of 3.2 AGeV 0.8
. . 0.7
*Ratio of K*/1t* in Kr - nucleus E
interactions at beam kinetic 0.6 :
energy of 2.4 AGeV E, Eoisey meoral 1581634
9y 0.5 2 45 5 U
p/q, GeVlic
8 35000 h
g EKr beam, proton, 2 < pq <5 Entries 702232 800 T Ao, pa<s, K | hmm 1
g 30000 "S"ea” ~0.006688 700 f_ ............... ............... ............... S — — ...... Integral _4_?96
3 i td Dev 0.0966 = T[+ K+ . .
25000: 2 ndf 5531 /57 600E : : _ : : : : :
20000 Constant  3.22¢+04 + 5.20e+01 :
- Mean  -0.0008037 +0.0001065 500
15000 — Sigma 0.08414 + 0.00009
- 400
10000; 3{];:,
- - 200

-0.8 -0.6 -0.4 -0.2 0 0.2 04

1

TOFMeasured - TOFIdeaI ns

Time resolution within proton band

~85 ps
V.Plotnikov
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A hyperon production in 4A GeV Carbon- pn@N
nucleus interactions

A - p1t-decay reconstruction in Si+GEM
tracker in C+C interaction

Event topology:

v PV - primary vertex
v’ 'V, -vertex of hyperon decay

v’ dca - distance of the closest approac
v path - decay length

Analysis without PID

11
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A hyperon signals in 4A GeV Carbon- BM@N
nucleus interactions

) i _ % 3000 :
‘% 14001 A— p+1U (C+C, 4A GeV) ‘% - A— p+ (C+AlL 4A GeV)
= - = -
\ L 2 . B 2
< 1200 m = 1.1152 GeV/c o 2500( m=1.1157 GeV/c
§ - o = 2.8 MeV/c? g i G =2.5 MeV/c?
= - = I
K 1000 = 2000
800 i
- 1500
6 ; | | | | | | | | | | | | | | | | | | |
%Pos 1.1 112 114 116 118 1.08 1.1 112 114 116 118
M., [GeV/c?] M, [GeV/c’]
gl i A—> p+T (C+Cu, 4A GeV)
)
z 2 C beam 4 AGeV
) - = 1.1162 GeV/ - -
T 000 e C + C,Al,Cu - A + X minimum bias
w O =L 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 1.1 112 114 116 118

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

%‘% 0.15

BM@N Preliminary
A, C+Cu, MB, 4A GeV

0.15 i, 0-15
%" BM@N Preliminary %|’ﬁ BM@N Preliminary
A, C+C, MB, 4A GeV A, C+Al, MB, 4A GeV .

0.1—

® Data
—— DCM-QGSM
— UrQMD

@ Data 0.1
—— DCM-QGSM :

@ Data
—— DCM-QGSM
— UrQMD

0.1—

0.05— 0.05— 0.05—

I I I I I I I !
00.1 02 03 04 05 06 07 08

| | | | | | | |
00.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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. V* = Y,.,-1.17
» y* spectrum becomes softer with increase of target atomic weight

I I I I I ! I !
00.1 02 03 04 05 06 07 08
y*

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

» DCM-QGSM overestimates data in C+C interactions, but more
compatible with data measured with heavier targets (C+Cu)

» UrQMD predictions are below data for heavier targets, but in better

agreement for C+C s
V.Plotnikov BM@N experiment
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Carbon-nucleus interactions

BM@N Preliminary
A, C+C, MB, 4A GeV

® Data

Z%, 03— — DCM-QGSM Z%‘ 0.3
a = — UrQMD a =
=g 02 S 02
_‘|{' =

0.5

(o |
BM@N Preliminary o}
A, C+Al, MB, 4A GeV %
]

® Data
— DCM-QGSM
— UrQMD

0.8
I [GeV/c]

0.5

> A hyperon invariant p, spectra in 4A GeV BM@N

BM@N Preliminary
A, C+Cu, MB, 4A GeV

— DCM-QGSM
— UrQMD

T

0.2 0.4 0.6

« Fit of invariant p, spectra of A yields in C+C, C+Al, C+Cu minimum bias

interactions by function:

1/p,-d?N/dp.dy = A-exp(-(m,-m )/T),

m=v(m,>+p;?)

P, [GeV/c]

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

T [MeV] C+C T [MeV] C+AlI T [MeV] C+Cu
BM@N Preliminary 98 £ 24 + 25 157 £ 24 + 12 160 + 27 £ 21
DCM-QGSM 122 129 131
UrQMD 107 127 132
V.Plotnikov BM@N experiment
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®

Lo Energy dependence of A hyperon yields pM@N
| in minimum bias C+C interactions

< 0.15
Z A, C+C, MB
® BM®@N Preliminary
0.1- —— DCM-QGSM
—— UrQMD
HADES
® Propane Chamber I
0.05—
0 //
2 2.5 3 3.5 4
T, [AGeV]
BM@N yield extrapolated to full kinematic range
Next plans:

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

V.Plotnikov BM@N experiment
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Forward Si, STS and GEM detectors

4 STS

4 STS + 7 GEM

| Primaries: Si + GEMS |-

Std Dev 0.02252
Constant 3.296e+04
Mean -0.0004989
Sigma 0.00614

l

| Primaries, Si | 35000
8000 P =
E 30000
7000; !‘ StdDev  0.02147 E
E c 7574 F
6000 Mean -0.0007966 25000 C
5000 Slgma__0.01479 20000F
4000 15000
3000 | g
1
2000¢ ,’ “ OOOGE
1000, J 5000
(AP IR IR SO, DI L. . SR IEPITS RUTEE P
78.25—0.270.1 5-0.1+-0.05 0 0.05 0.1 0.15 0.2 0.25
Ap/p
% 60:—|Invariant mass: A—p+T (Au+Au)— «, 140
3 eof 3 120
< 40 Mass = 1.1158 < 100
» E K »
2 £ Sigma = 0.0011 2 gp
£ sof STS(st) S/B=6.0 E
£ S=100

S/¥S+B =9.3

1.16

825°0.20.150.10.05 0 0.05 0.10.15 0.2 0.25

Ap/p

STS+GEM

Mass = 1.1155
Sigma = 0.0009
S/B=39
S$=222

S/VS+B=13.0

LI

»

ey W 8

iy

Invariant mass: A—p+n (Au+Au) ’— - F [

1.18
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

s s | s s
1.16
M,,, GeVic®

ERT)

For heavy ion beam intensities few 105 Hz
- keep 4 STS + 7 GEM

- fast FEE and readout electronics

16



BM@N present status and next plans pm@N

* BM@N scientific program comprises studies of nuclear matter in
intermediate range between SIS-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

* First physics results obtained on A yields in C + C, Al, Cu interactions

* Reconstruction and analysis of interactions of Ar, Kr beams with targets
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)

17
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NICA Three meetings on formation of BM@X

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
V.Plotnikov BM@N experiment 19



6 big GEMSs, trigger detectors,
3 Si detectors, CSC chamber,
full set of ToF detectors

; Ji
\'/I
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BM@N
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Silicon + GEM central tracker in Ar, Kr runs BM@N

3 Forward Si detectors and 6 GEM detectors

Kolesmkov A.O.,

Ar+Cu interaction reconstructed in central
tracker

22
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GEM tracker: acceptance /| momentum

resolution |/ detection efficiency

Phase space | acceptance to primary Momentum resolution / detection

protons: Au+Au, 4.5 AGeV
o 3r | Phase space: prlmary protons | 450
> i
o5 e 400
K b - —350
2- b it —300
PR . -
- ; —200
1: . i .-_.-EFI"' -"'-il"‘.":""l.l l‘-'.hc by ':. .. 7150
- b cau ™ X
i_s 'i";fcﬂu-nl»--.e-- _...n.y _-E_\ :'
Q1-05005 115 2 25 3 350
Rapidity
o 3<| Reco. efficiency vsyvsp primary protons L 1
- ’ AT .
= C ] "'-:I_ n ':- .' 0.9
[} - i _!.“ll-"' d-;._, -
<5.. 2.5: '|H 2 -:.fr.: . _0.8
[ C T b
i A 07
5 s 0.6
1.5 g i 0.5
- :“" = a —0.4
17 3 '.1\:!' ' - 0 3
C @; : - ’
0.5" & £ 0.2
r Fi ‘| 0.1
0 o L 0
-1 -0.5 0 05 1 15 2 25 3 35
Rapidity
V.Plotnikov

BM@N

33 4_5j—1 Ap / p vs p: 12 stations, B = 0.44 |
£ 4
S35,
3,
2.5 e,
2: 4 ¢
= S TR ¢
1.5C '
1
0.5¢
% 1 1 1 1 1 1 2 1 1 3 1 1 4 1 1 5
p, GeV/c
‘E 14‘ "Reconstructable” primaries: B = 0.44 |
f:': i ﬂﬂww%%
= 0.8_ Rk
1T B rrf/-
0.6
0.4
0.21
%III\1I I2\ \3I I4\ I5IIII6
p, GeV/c

BM@N experiment
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LAQGSM, central, 3.36 GeV, Au+Au, 1, 4 m from the target

ToF-400 region |-=: .= | ToF-700 region

950 —200 —150 —100 -50 O 50 100 150 200 250
X, cm

. - i'-. 3 b =
fiey A ] .’. JII & r\ ',

ToF-700 wall

2013
1013
L]

A
2102

ToF-400 wall
BM@N beam axis

. 24
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Upgrade of central tracker with CBM STS BM@N

STS-1

[S-3

607
767

Team: LHEP JINR,
MSU, GSI, Tibingen
University

STS-2 - e

STS-4

850, 889..

767 wm

Total: 292 modules,
~600k channels

- : 1 _ 910 E_
V.Plotnikov BM@N experiment




A\ hyperon yield in 4A GeV carbon BM@N
nucleus min bias interactions

é B?‘@N Preliminary | % BM@N Preliminary % BM@N Preliminary
g O A, C+C, MB, 4A GeV E 0.1 A%, C+Al, MB, 4A GeV E 01l A°, C+Cu, MB, 4A GeV
é‘“ 3 ® Data ;|'< & _._ g?;;’[-QGSM ;‘ I ® Data
— DCM-QGSM | © = — UrOMD -=|-§- — DCM-QGSM
— UrQMD - — UrQMD
0.05 0.05 I 0.05 - -

V.Plotnikov

P GeV/e . P GeV/e P GeV/e

measured kinematic range 0.1<p,<1.05 GeV/c, 0.03<y*< 0.93

Yield of A in C+C, C+Al, C+ Cu minimum bias interactions in dependence
on transverse momentum p,

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

» shapes of p, spectra are compatible with models

26
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‘?’»f, BM@N in technical run with carbon beam BM@N

ECAL
Carbon beam, T,= 3.5, 4.0, mwprc I ZDC
4.5 GeVin . %I_F -
Z /
Si plan i DCH-1,2

ToF-400,700

e 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 of 0.3 -0.85T

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

27
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Ayield in the

measured kinematic

range 0.1<p.<1.05
GeV/c, 0.03<y’<0.93

C+C

0.0214 + 0.0023 £ 0.0024

C+Al

0.0431 + 0.0034 + 0.0035

BM@N

4 AGeV Carbon-nucleus interactions

C+Cu

0.0561 = 0.0039 + 0.0047

section ¢, [mb]

Ayield in the full

kinematic range, N,» | 0.0589 + 0.0063 + 0.0065 | 0.133 + 0.010 + 0.011 0.239 + 0.017 + 0.020
N part DCM-QGSM 9 13.4 23

A min bias cross 48.9 + 5.2 + 5.1 167 + 13 + 13 427 + 30 + 29

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

2) o,=N,- o,

V.Plotnikov
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stages of BM@N experiment

Beam parameters and setup at different BM@N

ey W 8

Beam

Max.inten
sity, Hz

Trigger rate,
Hz

Central
tracker
status

d(1)
0.5M
5k

6 GEM half
planes

Experimenta technical

1 status

V.Plotnikov

run

Ar,Kr,

C(SRC)
0.5M 0.5M
5k 10k

6 GEM half 6 GEM half
planes planes +
3 forward Si
planes

technical run technical
run-+physics

BM@N experiment

C,Kr,Xe

0.5M

10k

7 GEM full
planes +
forward Si
planes

stagel
physics

up to Au

2M

20k - 50k

7 GEM full
planes +
forward Si
+ large
STS
planes

stage2
physics

29



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

