OT4yeT 0 paboTe 3a 5 net

B.H. CnackoB

CopepxaHue:

= YctaHoBka BM@N (Baryonic Matter at Nuclotron)
* DCH n MWPC yctaHoskm BM@N

» PaboTa B TexHnyecknx ceaHcax 2015-2017 rr.

» KOHCTpYKUMA MOHONpoBOAA



Nuclotron and BM@N beam line

— 8 dipole magnets

— 18 quadruple lenses

26 elements of magnetic optics:
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YctaHoBka BM@N

LleHTpanbHbin Tpekep (GEM, Si) BHyTpu
MarHuTa Aansa pekoHCTpykunn AA CTONKHOBEHMUI

MwuwweHb n getektop TO

BHewHun Tpekep (DCH, Straw) nosaau
MarHuTa 4ss CBSA3W LieHTparibHbIX
TpeKoB ¢ curHanamm B ToF

OneKkTpoMarHUTHbIN KanopuMeTp Ans
N3y4eHunsi NpoLeccoB ¢ obpazoBaHMEM
y,e+e-

ZDC kanopumMmeTp onga namepeHusd
LeHTpanbHOCTN AA CTONIKHOBEHNN

NoHonposoa

AHanuaunpyowmii marHut Cr-41 ToF cuctema coctout s mRPC n TO

OeTeKkTopa Ang pasgeneHnsd agpoHoB
(17,K,p) ¥ nerknx agep 3




[[a3zoBas cucrtema gnsl TPeKOBbIX AETEKTOPOB

DCH1,2 + MWPC

MKS 647C 72571
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L GEM detectors
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PaspaboTaHa 1 BBeleHa B COCTaB YyCTaHOBKM
rasosasa cucrema.
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15 mm p:l::/mial‘{fj \

X

x X X x X x

6 mm
x X

X X x x
° . n L)
X X X X x ! x
\/ b= 1cm =+

SENSC Wires

* 4 plane XX'(0°),YY’(90°),UU’(-45°),VV’(45°)
» sense wire — 20 ym (2048/chamber)

* potential wire — 120 uym (4112/chamber)

* wire spacing 10mm

* length of wires between 1.28 m and 2.72 m
* space resolution ~ 100 ym

x
graphite coated
d o * . . ® 1 6 mm mylar foils
X

TDC Hits by Channel

e e o




* 6 plane X+X-(0°), V+V-(60°), U+U-(120°)
* wire spacing 2.5mm

* shift between X+X-, V+V-, U+U-: 1.25mm
* ASD8 preamplifier — HRB6ASD



YctaHoBka BM@N B ceaHcax (2015-2017)

4 TeXHUYeCKUX ceaHca:
« peBpanb-mapt 2015 (51 ceaHc) =» nyukn d, C,, c T,= 3.5 Al'aB
TO petekTop, 3 MWPC, ToF400, ToF700, DCH1,2, ZDC
* MoHb 2016 (52 ceaHc) =» nydok d c T, = 2.94 Al'aB
GEM petekTtopbl — 5 petektopoB 66 X 41cm? + 1 petektop 163 X 45 cm?
=>» 3 4yaca npuema gaHHbIX
» pekabpb 2016 (53 ceaHc) =» nyvokd c T,=4.0, 4.6 Al'3B
GEM petekTtopbl — 5 getektopoB 66 X 41cm? + 2 getektopa 163 X 45 cm?,
ofHa NyiockocTb Si geTekTopa, Yactb ECAL
« wmapt 2017 (54 ceaHc) = ny4yok C,, ¢ T;= 3.5, 4.0, 4.5, (5.14) Al'aB

_a_ ECAL
[My4yok neuTpoHoB, T;=4 U MWPC
4.6 Al'aB (pekabpb 2016) o ZDC
< I
I__Z> /Avnalyzing / 71
YrnepoAaHbIN NYYOK, _ magnet SP-41, DCH-1.2
T.=3.5,4.0, 4.5, (5.14) AT3B > Plane :

(Mapr 2017) ToF-400,700
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ig GEMs | tests of Big GEM -

New detector components:
2 big GEMs, trigger barrel &
.detector, Si detector, ECAL




Gem peTeKkTopbl B ceaHce 53, oekabpb 2016

Plane efficiency (deuteron run) calculated using reconstructed tracks
of beam inclined at different angles

0 degree X plane
plane

115 degree X’ plane
plane

0&15 degree % & X planeS
planes

o
(o)

Efficiency

o
(04}

4 ) 6
Chamber number

« for tracking in BM@N technical run in December 2016 used 5
detectors 66 x 41 cm? and 2 detectors 163 x 45 cm?2

« for BM@N run in autumn 2017 plan to produce 4-6 more detectors
163 x 45 cm?



Pabota MWPC B ceaHce 53, nekabpb 2016

MWPC.fWire {MWPC.fPlane == 0} MWPC.fWire {MWPC fPlane == 3} MWPC.fWire {MWPC.fPlane == 6} MWPC.fWire {MWPC.fPlane == 9}
hiemp = htemp 600 htemp htemp
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MWPC.fWire {(MWPC.fPlane == 1} MWPC.fWire {MWPC.fPlane == 4} MWPC.fWire {MWPC.fPlane == 7} MWPC.fWire {MWPC.fPlane == 10}
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r Mean 68,34 [ Mean 2622 F Mean 3883 F Mean 2546
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MWPC.fWire MWPC fWire MWPC fWire MWPC.fWire
MWPC.fWire {(MWPC.fPlane == 2} MWPC.fWire {MWPC fPlane == 5} MWPC.fWire {MWPC.fPlane == 8} MWPC.fWire {MWPC.fPlane == 11}
htemp htemp hiemp htemp
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Pabota DCH B ceaHce 53, nekabpb 2016
N.Voytishin, V.Palchik, LIT

beam track angle in DCH Reconstructed beam tracks
NPV SIN WO JORIC. . S T S SO S S eff dc2
E 5 : ' : s iwo i } 8
08— i ; H b r T T
" Pbearm—g 8 GeV/c G gL
0.07— 22 N 5 P o £ osf
= wor
] e T S . Y S -
- 90 Sl -
00sf- - Averaged Efficiency per
oo4§— 85f !a.ye.r =.99.4%
0.035— E
DYoc . R, S — f ...... o S 11[; -
08 1 1.2 14 24 26 2.8 -
Magnetlc fleld SRR 750

(X,Y) coord of a seg in dc1

hXY1
Entries 93319
e . Mean x -40.89
d S Mean y 3.473
o RMS x 28.38
350
RMS y 30.33

Magnetic field
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KoHcTpyKumnsa noHonposoga BM@N

PyHKUMN MOHONpOBOAA:

* BbIBOO NpoayKTOB B3aUMOLEUCTBUSA MOHOB C MULLEHbBIO U3 BaKyyMHOW TPYObl
K LeTEeKTopaM, pacrosioKeHHbIM BOKPYr TpyObl, C MUHUManbHbLIMU NOTEPSMU

* BbIBOg Nyyka MOHOB B HanpasreHnn Ny4koBoro copoca

cBapka dnaHubl (cBapka K Tpybe)

378

248

NI

~ AARY

700 1200 1800 2000 | 2000

A
A 4
A
Y
A
A
A
A
A

» Bakyym B Tpybe ~10 -2 Topp (dbopBaKkyyMHbIN HAcOC)
« Matepuan — antoMuUHUN, TONLWNHA CTEHKN < TMM.




3aKn4yeHue v nnaHbl

* B TexHn4eckux ceaHcax 3anncaHbl AaHHble 4S9 NPoBePKU 3aPdPEKTUBHOCTH
OETEKTOPOB N pa3paboTaHbl anropuTMbl 455 PEKOHCTPYKLUM U aHann3a codbiTum

* OcHoBHbIe nNoagcucTeMbl paboTatoT, HO BCe eLlle HaxoaaTCHa B orpaHNYeHHOW
koH(urypauuun: GEM, DCH, ToF-400, ToF-700, ZDC, tpurrep, DAQ

* HoBble OeTeKTOpbI BBEAEHLI B AKCMyaTaumio : nnockocte Si, ECAL

[1naHbl:
* TexHn4yeckumn ceaHc B Hosibpe-aekabpe 2017 ¢ noHamu Ar, Kr
* YctaHoBka BM@N: pacwmpeHHbi BapnaHT GEM Tpekepa (+4-6 OeTeKTopoB),

Si getekTop (+ 2 NnockocTun), TpurrepHasa cuctema, ToF, DAQ, BHELLUHUI Tpekep
( 2 HoBbIXx CPC kamep Bnepeaun n nozagn ToF-400)

» OkoHuaTtenbHas paspaboTka u nsrotoeneHne noHonposoga k 2019 rogy

Cnacubo 3a sHumaHue!

13



14



First results on A reconstruction with GEM .
detectors in deuteron beam interactions

d+target - A+ X
Soft selection Tight selection
:—1 Invariant mass A —p+ 1 f—— “ Invariant mass: A - p+7®
500 2 A0E S/B=09
: e = ook SI{S+B = 10.4
i - Mass 1.114
2 50 Sigma 0.007
8 . F
40—

“F ¢
b4 ¢
’ ¢
! 10 D +++§
Blieoe o | i L S SR ¥ 0,01 O S 2 2 PO GNPl KPL o e .. N OF q
q,OS 1.1 1.15 1.2 1.25 1.08 1.1 112 114 116 118 1.2 1.22
M GeV/c? Mp.zy GeV/c?

(p+r)

* Need to improve vertex reconstruction — forward Silicon detector already
implemented

* Need more GEM planes to improve track momentum reconstruction — plan to
install 4 - 6 GEM planes in autumn 2017
15



Development of silicon strip detector
Silicon detector group, N.Zamiatin

Occuppancy X Occuppancy Y XY Events
300 300- 70
250 250 % 60
200 200
im f‘ Em fl 1\ ~ 4
100 100 \ 2
50— T T 50 .
0- luum I 0-; ‘M ' 0- [
2+ 0 100 200 300 400 500 600 700 (B + 0 100 200 300 400 500 600 700 0 10 20 30 40 50 60 70
o Channel X | Channel Y Plot0 ’7‘ X
Amplitude X Amplitude Y XY Ampl Event
120 lm_
10 ! % "0
,, Ru soufrce | £
; g w0
e 3 w0
“ H
E 200-
20 <
TTITI 0- i 1
I | I | L I 1 1 f 250 500 750 1
Pl Etlﬂ!nl mm,umg 0 80 100 piota [ | Amplitude Cluster X oo(1

« 2-coordinate Si detector X-X’(*2.5°) with
strip pitch of 95/103 pm, full size of 25 x 25
cm?, 10240 strips

* Detector combined from 4 sub-detectors
arranged around beam, each sub-detector
consists of 4 Si modules of 6.3 x 6.3 cm?2

* One plane installed in front of GEM tracker
in December 2016



Complex NICA

Parameters of Nuclotron for BM@N experiment:
Ebeam = 1-6 GeV/u; beams: from p to Au; Intensity~107ct (Au)

KRION-6T+HILac (3I\/IeV/u)

PS and p ‘ ez existing
LU-20 (5MeV/u) s | In preparation
( bld.#1 i

/ Booster
(600 MeV/u)

NUCLOTRON &
0.6-6 GeV/u

MultiPurpose
i Detector - MPD
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Heavy lon Collision

experiments

Low Intermediate Ultra-High Eg..m [A GeV]
0.1 1 10 100 1000 10000 100000
|
Nuclotron
SIS (BM@N) FAIR NICA RHIC LHC

,Mixed* phase:
hadrons (baryons, mesons) +
quarks and gluons

Baryonic matter

Meson and baryon

SpECt_rOSCOpy In-medium effects
In-medium effects  chjral symmetry restoration
EoS

Phase transition to sSQGP
Critical point in the QCD phase
diagram

QGP: quarks and gluons

|
Properties of sSQGP



Heavy lon Collision experiments

BM@N: Vsy,=2.3 - 3.5 GeV

N 107% CBM
E E SIS100 SIS300
2 10°
O =
Y B
c 10°E BM@N-I
9 - M
§ 10% ADES NICAIMPD
-GE) 103_ STAR F. / STAR BESI _
10%¢ / A
/
10¢ /
i
1 2 3 4567 10 20 30
Collision Energy (\s,,) [GeV]
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ToF system performance in December run

Yu.Petukhov, SNEO

Time resolution between Time resolution between
ToF-400 and TO ToF-700 and TO
Time, chamber 1, max strip Time, chamber 10, max strip
Time_chamber 1 max_strin Time_chamber_10_max_strip
4500:— Entries 21367 5000— Entries 25542
- Mean -0.01667 I Mean 0.001796
oL RUS 0.1046 RNS 01087
C 1/ ndf 173.1/5 000 2 ndf 29.06/5
3500 i
C Constant 4396 +43.0 Constant 5091+ 44.2
- Mean  -0.02436 +0.00070 Mean  -0.003358 +0.000703
r 3000
2500 .
200 i
C 2000
1500 i
o0 ool
500 i
{ \IIIl\I\I‘IIIIl\I\I'III\‘I\II 11 _\III 1 N I 4
005 D4 93 92 a1 0 0 02 03 04 95 ¢ 13 92 af 0 o 02 03 04 05
TOF400-TO TOF700- TO

* Time resolution of TO detector ~70 ps



__«9; ToF system performance in December run
S Yu.Petukhov, SNEO

Time resolution between Time resolution between ToF-

two ToF-400 chambers 700 and ToF-400 chambers
Time difference, chambers (0 and 1 Time difference, chambers 0 and 9
Time_difft Time_diff3

Entries 6181 800 Entries 3959

o Mean -0.02203 - Mean 0.01238

R RMS 0.09178 - RNS 0.1149

- el 13315 . I ndf 6.283/5

i Constant 1463 £27.2 50 Constant 79554178

Mean  -0.02498 +0.00106 : Mean  0.006416 £0.001675

1000 Sigma  0.0736 +0.0010 b Sigma 008946 +0.00154
B0
800~
a0
0

||||‘\|\\||\\\|\||\‘\\II\\\I\I 0_ N N v v A A O |
$e 3 2 w0 o 02 0 04 03 02 01 0 01 02 03 04 05

TOF400_1 - TOF400 2 TOF700 - TOF400
* Time resolution of ToF-700 chamber ~65 ps

* Time resolution of ToF-400 chamber ~53 ps



CPC chamber design

Plan to produce in LHEP and Al. Vishnevsky

install in autumn 2017 two CPC

chambers in front and behind . e_sf‘:_"ft__l _______
ToF-400 to check their |
performance as Outer tracker I
for heavy ion beams
Cathode printed board #1 y @
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