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Previous presentations

™ First contact between MexNICA and MPD (December 2016)

™M Forward detector (1st MPD Collaboration meeting, April 12th 2018): https://indico.jinr.ru/event/385/

contributions/3179/

M Status of the proposal for a Beam-Beam counter detector for MPD (2nd MPD Collaboration

meeting, Oct. 30th 2018): https://indico.jinr.ru/event/610/contributions/5218/

M Status of the proposal for a beam-beam monitoring system for the MPD (4th MPD Collaboration

meeting, Oct. 23rd 2019): https://indico.cern.ch/event/802303/contributions/3590175/

Also there has been another proposal, based on MCP, for a fast beam monitoring detector made by the

group of Grigori_ Feofilov (https://doi.org/10.1016/|.nima.2019.04.108 , https://indico.cern.ch/event/

802303/contributions/3590210/) Oct. 24th 2019
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Motivation for a beam-beam counter detector for MPD

In collider experiments, a beam_beam counter detector is highly
desirable.

B\

() trigger system: to identify and to discriminate beam_beam minimum bias or

centrality events from background and beam_-beam interactions.

(& bonus, physics studies:

@ luminosity measurements, for the determination of absolute cross sections
of reaction processes

@ multiplicity of charged particles, key observable for the determination of
the centrality of the collisions events and event plane resolution
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Motivation for a beam-beam counter detector for MPD

10 = ,
»w | 5
S L . pp collisions
© - E
£ S E \ |
— il |
o [ / g &
A \ ------------- - E
LL] - : =
S [ 5 ¢ i
B p-gas collisioﬁs — —
of JINST 8 (2013) P10016 | -
20 -15 -10 -5 0 5 10 15 20
VZERO-A Time (ns)
VZERO-A

VZERO-C

10°

102

10

Event plane resolution (%)

80 B —#- VZERO-A
[ —e— VZERO-C

40 - -

20 - .
— JINST 8 (2013) P10016 ¢

O X | | | | | | | I | ] | I | | | | | | |
0 20 40 60 80 100
Centrality (%)

mario.rodriguez@correo.buap. mx

VI Collaboration Meeting of MPD at NICA facilities, BE_BE status, 28.10.2020


https://arxiv.org/ct?url=https://dx.doi.org/10.1088%252F1748-0221%252F8%252F10%252FP10016&v=dfe8e82c
https://arxiv.org/ct?url=https://dx.doi.org/10.1088%252F1748-0221%252F8%252F10%252FP10016&v=dfe8e82c
mailto:mario.rodriguez@correo.buap.mx

Motivation for a beam-beam counter detector for MPD

https://www.phenix.bnl.gov/WWW/intro/detectors/focus/focus bbc.pdf
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Evolution of BeBe geometry through the years (2016-Today)

2016,2020 (ALICE-LHC) 2017 (hybrid) 2018-2020 (RHIC)
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Evolution of BeBe geometry through the years (2016-Today)

OBSOLETE

2016,2020 (ALICE-LHC) 2017 (hybrid) 2018-2020 (RHIC)
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Detector concept

Geometry of BeBe detector

two hodoscope detectors located, each located 2 m
away from interaction point at opposite sides.

two approaches: hexagonal cells (RHIC) OR disk cells
(ALICE)
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Detector concept
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Detector concept: hexagonal cells

BeBe detector

* 162 hexagonal cells (5 cm height, 1 cm width)
* SiX concentric “rings’
 plastic scintillator BC404

- 1.9 < || <3.97
» photosensors: SIPM or PMT (do be decided)
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Simulation studies: hexagonal cells
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Simulation studies: hexagonal cells

Hits per event
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Simulation studies: hexagonal cells

Internal Note 06-08-2020.v1 - MexNICA
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With the BeBe information would be possible to construct centrality
classes using rings 3, 4, 5 and 6.
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Simulation studies: hexagonal cells
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Simulation studies: hexagonal cells
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Time resolution studies: hexagonal cells

5Ccm

2 Cm

>

BE-BE prototype:

4 hexagonal cell of 5 cm heigh and 2 cm
width.

i BC-404 plastic scintillator

4p evaluated at T10-CERN beam facilities
(May 2018)

# DAQ provided by AD/VZERO ALICE
groups. Same FEE as used in ALICE data
taking.
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Time resolution studies: hexagonal cells

Time resolution of BE_LBE prototype coupled to Hamamatsu PMT R6249
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Time resolution studies: hexagonal cells
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Time resolution studies: hexagonal cells
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Detector concept: disk cells

BeBe detector

» 80 cells per side (1 cm width)
* five concentric rings
 plastic scintillator BC404

- 1.68 < |n| < 4.36
» photosensors: SIPM or PMT (do be decided)

: : 153.26
The construction of centrality classes and beam-gas o

studies with this geometry is a work in progress. A
similar physics performance w.r.t. hexagonal
geometry Is expected.
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Simulation studies: disk cells
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Simulation studies: disk cells
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Simulation studies: disk cells

0.02

0.015

0.01

0.005

Hits per event

—0.005

outer most ring

Multiplicity Cell ID Ring 5

1 I I I I I | I I I | I I I | I I I | I I I | I I I I I I ]
- ®© © 0 09 g0 © 0 g0 00 ¢ ° 0
B A A A A A A A 4, 4 4 A A A °
B 6 O O O 6 O O O O O O O @ O O O
- UrQMD p+p \|s,, =9 GeV i
- ® Allcharged ]
- O Primary .
B p+p A Secondary i
:I I I | I I I | I I I | I I I | I I I | I I I | I I I | I I I | I:
4 66 68 70 72 74 76 78 80
Cell ID

Multiplicity Cell ID Ring 5

L [ |||||||||||||||||I|||I| T 1 ]

2_ N

B ® 0 o o © :
s 200000000 -
S I A A A A A AL AALAAAALL
g | ]
_'CB - ]
T - O O O S
0.5 000000000009 Y2
B UrQMD Bi+Bi |sy, =9 GeV |

- ® Allcharged |

O— I 1 () Primary —

B B | + B I A Secondary B

_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_

64 66 68 70 72 74 76 78 80
Cell ID

mario.rodriguez@correo.buap. mx

24

VI Collaboration Meeting of MPD at NICA facilities, BE_BE status, 28.10.2020


mailto:mario.rodriguez@correo.buap.mx

Simulation studies: disk VS hexagonal cells
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Simulation studies: disk VS hexagonal cells
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With the time information, either disks or hexagons, we can define a
time window to set a beam-beam ftrigger (BB) for both BeBe
hodoscopes (Z>0 and Z<0). This is crucial for beam monitoring tasks.
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.. BeBe for luminosity measurements?

In ALICE, the on-line monitoring of the
luminosity uses a time coincidence between
the two VZERO arrays.

~ 104

103

Rate (Hz

102

10

1

| lllllll| | llllllll | llllllll | IIIIIHI

| !

|

l

-0.

time resolution of VZERO system: 1 ns

-0.2

0

0.2 04
Dx (mm)

The rate corresponding to the coincidence between
VZERO-A and VZERO-C signals is named MBAND. The
luminosity and therefore the rate of MBanp(Dx,Dy) are
functions of the transverse displacements Dx and Dy of
the beams.

L = kbelNngy and OMBAND — MBAND(O,O)/X,

N+ and N> beams intensities kp 1s the number of colliding bunches
f =11.2455 kHz the LHC revolution frequency.

Key issue: trigger efficiency of the Minimum Bias
trigger.

JINST 8 (2013) P10016
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;.BeBe for luminosity measurements?

http://cds.cern.ch/record/1281333/files/ATLAS-CONF-2010-060.pdf
ATLAS

3.2 LUCID

Online luminosity values from LUCID measurements are obtained from the LUMAT card. At present
there are four algorithms implemented in the LUMAT firmware:

e LUCID_Zero_AND, the number of events per BCID when no hits are found in either detector arm;

e LUCID_Zero_OR, the number of events per BCID when at least one of the two detector arms has
no hits or when neither arm contains any hit;

e LUCID_Hit_AND, the number of hits when there is at least one hit in each of the two detector
arms;

e LUCID_Hit_OR, the number of hits when there is at least one hit in the 32 tubes of both detector
arms.

Oinel EOjnel Oyis

3 _ unbfr B umeasnbfr B umeasnbfr

e LUCID_Event_AND, the number of events with at least one hit in each detector arm. The LU-

CID_Event_AND probability per beam crossing P-UCID-EVentAND js related to the LUCID_Zero_OR
probability per beam crossing P-UC!P-Zero-OR.

PLUCID_EventAND —1 _PLUCID_Zero_OR

e LUCID_Event_OR, the number of events for which the sum of hits in both detector arms is larger
or equal to one. The LUCID_Event_OR probability per beam crossing P-UCID-EVentOR i¢ related
to the LUCID_Zero_AND probability per beam crossing P-UCIP-Zero-AND.

PLUCID_Event_OR —1 _PLUCID_ZeroAND

:1 028 EI e ‘I""I" — I' —_— :

0'12 ? ATLAS Preliminary . Luminosity measured by LUCID ?
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Key issue: trigger efficiency of the Minimum Bias trigger.
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.. BeBe for luminosity measurements?

Particles created in p+p collisions will arrive at the BeBe hodoscopes around 6.7 ns after
the primary collision. As a first approach, we centered the time window at 6.7 ns for both
hodoscopes (see slide 26) and try to determine the BeBe trigger efficiencies.

BeBe triggers:

o)
o

No. of entries

» A: BeBeleft (Z>0)

» B: BeBeRight (Z<0)

 OR: BeBeleft OR BeBeRight
 AND: BeBeleft AND BeBeRight

N
()

N

W
o

6.7 NS 10,
Ol —JE | | 1 | [ ||
+§ 10 -8 -6 -4 -2 0 2 4 6 8 10
, time (ns)
e e beam axis
IP time difference BeBel eft - BeBeRight
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;.BeBe for luminosity measurements?

p+p @ 10 GeV / EPOS 1.99

BeBe trigger efficiencies (%)

Trigger efficiency

Time window (ns) A B OR AND
4-10 59.8 59.8 96.5 23
4.5-7.5 48.7 48.7 85.9 11.4
5.5-6.5 25.2 25 48.5 1.7
p+p @ 9 GeV / UrQMD BeBe trigger efficiencies (%)
Time window (ns) A B OR AND
4-10 55.9 56 95.1 16.8

BeBe detector may increase the
trigger capabilities of MPD for low
multiplicity p+p collisions events

0.8

O
o)

—
N

0.2

— ' R BB

| + ]
B _.__._—.—_-_ | |
i - —4—_*_ :A: .
e e + v miniBeBe |
. e FFD -
B —A—

P A BeBe ]
- o = miniBeBe OR BeBe |
- L 8
[ o o —y |
F e ettt —
"~ . J‘,é :
B .
5 2 —

| | I | | | | | | | I | | | I | I
20 40 60 80 100

Number of charged particles

See the talk of Maria Elena Tejeda of this
session for more details of miniBeBe detector
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;.BeBe for luminosity measurements?

Bi+Bi @ 9 GeV / UrQMD

BeBe trigger efficiencies (%)

Time window (ns) A B OR AND
4-10 98.7 98.3 99.6 97.3

4.5-7.5 36.1 34.7 97.8 73.1

5.5-6.5 70.1 70 93.5 46.6

Au+Au @ 11 GeV / UrQMD BeBe trigger efficiencies (%)

Time window (ns) A B OR AND
4-10 100 100 100 100

4.8 -8.8 99.6 99.7 99.9 99.4

5-9 99.7 99.7 99.9 99.5
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Final comments

 The proposed BeBe detector can be used as a trigger for p+p and
Bi+Bi collisions.

 The BeBe detector, either hexagonal or disks cells, can give valuable
iInformation for physics studies: centrality and event plane
determination.

* The BeBe triggers can be used for beam luminosity measurements.
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Simulation studies: hexagonal cells

Internal Note 06-08-2020.v1 - MexNICA

Bi+BiQ9GeV, 3-6 BeBe rings Au+Au@l11GeV, 3-6 BeBe rings

Class % b min (fm) b max (fm) N., max N., min Class % b min (fm) b max (fm) N., max N., min

0-10 0 2.8395 100 40 0-10 0 2.7895 100 37
10-20 2.8399 4.0705 40 31 10-20 2.7899 4.0005 37 29
20-30 4.0705 5.0795 31 24 20-30 4.0005 4.9805 29 23
30-40 5.0795 5.9805 24 19 30-40 4.9805 5.8600 23 18
40-50 0.9805 6.8405 19 15 40-50 0.8600 6.9995 18 14
00-60 6.8405 7.7105 15 12 00-60 6.9995 7.9905 14 11
60-70 7.7105 8.6095 12 9 60-70 7.9505 8.4495 11 8
70-80 8.6095 9.6405 9 6 70-80 8.4495 9.4505 8 O
80-90 9.6405 10.9605 6 3 80-90 9.4505 10.7505 5 3

90-100  10.9605 15.1705 3 0 90-100  10.7505 14.9605 3 0

mario.rodriguez@correo.buap. mx

34

VI Collaboration Meeting of MPD at NICA facilities, BE_BE status, 28.10.2020


mailto:mario.rodriguez@correo.buap.mx

Simulation studies: hexagonal cells

3.5
UrQMD Bi+Bi \fsNN =9 GeV
e All charged
S~ o Primary
» Secondary
o~ 25
3
. 2
o 2 . ¢ .
— s 2 A
8
@ 1.5 .
T = a * e . 2: :g T a4 e
o L, 9 A w s O A
0.5_ o O O 2% O O
0 | | | | | | | | | | ]
0 2 3 4 5 6 7 8 9 10 11 12
0.35 —
UrQMD Bi+Bi \/SNN =9 GeV
e All charged
0.3~ o Primary
» Secondary
+~ 0.25F
3
o0
s 02Pe o°° ® e e e e e %%, L
GLJ () o ® ™ ®
Q |
:.2 0.15‘A A“ A A AAAA AAAA AA“ A‘
I A A A A A
0.1
DOOOOOO 00 Op 0900 00 090 OOOOOOO
0.05 ° © © ©
| l | I | | | | | | | | | I |

56 58 60 62 64 66 68 70 72 74 76 78 80 82 84

Cell ID

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.3

0.25

0.2

0.15

0.1

0.05

UrQMD Bi+Bi \/sNN =9 GeV
| e All charged
o Primary
- » Secondary
— ® o ®
° o ¢ ¢ ° ’ ® o ®
| . .
A ® 4 *a L ! ¢ oat s . ° A
A A A 4 A A
| 0 5 © %0 ° %o > o ° ©° o ¢ 9450
| | | | | | | | | | | | | | | | | ]
13141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
UrQMD Bi+Bi \{sNN =9 GeV
e All charged
— o Primary
o Secondary
oo P e %, e%e o %, e%e °
. e @ e o o o e o e o o ©
® Y PY PY ° ®
LA, At ah s, R AAAAA N
A AA A A A A
_OOOOOOOOOOOO OOOOOOOOOOOO OOOOOOOOOOOO
| | | | | | | |
85 90 95 100 105 110 115 120
Cell ID

0.5

0.4

0.3

0.2

0.1

0.25

0.2

0.15

0.1

0.05

UrQMD Bi+Bi \jsNN =9 GeV
e All charged
B o Primary
» Secondary
_— ®
® e o%e o e o o o °, e
° ° . ¢ L °
A, aAa a4t Y Ya .
A A A A A A
Co0,000,0 90,090,090 _ 000,40
| | | | | | | | 1 | | 1
32 34 36 38 40 42 44 46 48 50 52 54
UrQMD Bi+Bi \(sNN =9 GeV
e All charged
B o Primary
» Secondary
®e o®e oo o0 () o0 °®
o.. ....o 0...0 0...0 o...o 0...
Ay aatta, atta atha atha bt e
A A A A A A

o\
Ooooooooooooo OOOOOOOOOOOOOO OOOOOOOOOOOOOO

| | | | | |

1 |
125 130 135 140 145 150 155 160

Cell ID

Internal Note 06-08-2020.v1 - MexNICA

mario.rodriguez@correo.buap. mx

35

VI Collaboration Meeting of MPD at NICA facilities, BE_BE status, 28.10.2020



mailto:mario.rodriguez@correo.buap.mx

Time resolution studies: hexagonal cells

Alvarado M.: et al, NIMA (2019) 953, 163150

138 cm
D e —
7.5 ¢cm 123.5 cm | |
D S T

BBp 1/p2

— — — — — — — — — — — —

2 _ 2 2 2 Beam direction
0p1 = O0BB,, T9TA T OFEE
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Time resolution studies: hexagonal cells

Time difference between the TDC value from TA and BBp1
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Time resolution studies: hexagonal cells
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dN/dN,

PWG1 G. Feofilov’s report (this meeting)

. . . . . 40

Charged particle multiplicity in MPD S
5 30

Reconstructed data: u:é
10 * UrQMD 3.4 simulation 30
- Au+Au, N,,=500k, Vsy=5, 7.7, 11.5 GeV 25

« GEANT4 MPD detector simulation

* Reconstruction procedure: 20
- Realistic tracking in TPC (Cluster Finder)
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http://mpd.jinr.ru/data/presentations/notes/mpd phys-002.pdf
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http://mpd.jinr.ru/data/presentations/notes/mpd phys-002.pdf
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http://qfthep.sinp.msu.ru/talks2019/1569396682 QFTHEP 2019 Parfenov.pdf

Event plane resolution correction factors

FHCal
e true
O reco
I
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o ® LA ' E g
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Good performance Iin the centrality range 0-80% for NICA collision energy range

24.09.2019 10
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ALICE Diffractive single module tested at T10 CERN

G (ns)

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Figure 9: Time resolution as a function of the measured charge for the AD modules in the test beam.
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Figure 3: Location of the scintillator, the WLS bars, the fibres, the PMT, and the pixel detector, as well as the definition of the

coordinate system whose origin lies at the centre of the plastic scintillator.
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