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miniBeBe baseline design

® TOF expected to have overall time resolution ~ 60 ps, to separate T,
K and p in wide range of momenta

® |n simulations, FFD is efficient for central and semi-central A + A
collisions, efficiency decreases below 50% for multiplicity less than 25.

® miniBeBe to improve the trigger

CHARGE:

— miniBeBe to provide a (fast response) wake-up
trigger signal for the TOF.

— miniBeBe must be efficient for low multiplicity p
4+ p, p+ Aand A + A collisions.
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miniBeBe baseline design

Ribbon PCB
SiPM card

Plastic scintillator
Sensor rail

Cross bar

Inner ring

External flange

R=26cm



o0y L . - 28 Oct. 2020 - VI MPD Collaboration Meeting | 5/27
= ~ miniBeBe: a TOF trigger for collisions

MEX N7
NICA e <~ of small systems at MPD-NICA
e’/b\n ©

M.E. Tejeda-Yeomans (UCOL, MexNICA)

miniBeBe @ MPD 0.025

0.02

arge Y
Charged Pions
Spectator Protons
Participant Protons
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miniBeBe

B

Cryostat
CPC Tracker
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Integration with beam pipe support




D . . L 28 Oct. 2020 - VI MPD Collaboration Meeting | 7/27
MEX = ~, ~ miniBeBe: a TOF trigger for collisions
B

NICA ‘e & of small systems at MPD-NICA
Toro © M.E. Tejeda-Yeomans (UCOL, MexNICA)

Plastic cell & SiPM intrinsic time resolution

Geant4: 71, E = 500 MeV — lowest mean of Landau ToF dist
Intrinsic time res. : 1-4 scorers — 7.76 £ 0.87 ps - 9.29 + 0.67 ps

— Superposed Gaussian Fit
Entries= 1000

0= 1.88 + 0.05ps

mean= 45.85 + 0.06 ps
1¥/ndf=1.30

Number of events
IS
o

A) B)
. N .
C) D)
(9035 0.04 0.645 0.05 0.055
Time [ns]
Photon ToF dist., beam hits the top

® Intn in cell perimeter: time resolution ~2.6 ps.

® Intn in cell center: time resolution decreases to ~26 ps.
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Basic cell with four SiPMs & electronics

e 20x20 mm? z

Connector

¢ 4 SiPMs card

L
Vb
attached to BC404
plastic scintillator Vb J\ /L Vb
c1I 1 Z%m\ 1 z%:o} Icz
* Fast outputs to 1\ VAN
s sip2 |
“connector” (micro " T J\ Wb
mezzannine) oL 7| e fe
ezza e J; A\ 137 ;L

* DC decoupling SiPMA4 , SiPMI

capacitors
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MEX

Ribbon card to collect signal from sensor cells

First prototype length: 0.6 m

Number of cells: 20
RSP-ECL differential outputs
Rigid-Flex design

Possible improvements:
— 1.5 m with 48 cells (under development)
— 1.2 m with 38 cells

o SERERERE TR RERER S

1
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Ribbon card electronics

* Single channel design.
* Micro mezzannine

connector to SiPMs.

Vee
¢ Parallel SiPM interconects HCZ
(Schottky diodes). i Ve

g s
o b
oo [{ar)
W vl 5 Had)Vee =

—l_ml_l

¢ Ultrafast comparator

(9.3GHz bandwith)

* RSP-ECL differential

output
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Ribbon card prototypes
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Signal collection

® TRB-3 card for signal collection
® |ocated outside MPD detector
® cthernet connection to a site

® dedicated station for data
collection

® based on 3.2 GBps optical links

® either stand-alone or part of a
complex system
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Material budget
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® Energy loss of primary particles (pions and muons) in the range
(IE) of 5 MeV to 5 GeV using Geant4.

® Detector Elements (DE): 4 mm BC404 + PVC
¢ Blind Area (BA): 6.56 mm polyacrinolitrile

IE (GeV) | Ejoss in DE (MeV) | Ejss in BA (MeV)
0.05 0.94 + 0.01 258 + 0.23
0.1 0.67 + 0.07 1.85 & 0.18
1 0.48 + 0.01 1.35 £ 0.15
3 0.49 £ 0.06 1.35 £ 0.15
5 0.49 £ 0.06 1.35 £ 0.15

e Radiation length: X0pc404 = 0.7%X0; XOcr = 0.36%X0
(nominal ITS 0.8%X0)

® Material budget detailed optimization in process
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miniBeBe geometry within MPDRoot
Simulations with UrQMD+MPDroot

miniBeBe collision SNN Centrality
geometry species (GeV) bins
min bias
length 60 cm Bi + Bi 0-20%
radius 25 cm C+C 40-60%
MBB-60-25* 80-100%
p+p | 911
Transport
magnet ON

with/without £60cm flat smearing
miniBeBe, FFD, BeBe
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Baseline MBB-60-25 ; 9 VNN = 9 GeV

UrQMD BisBi |5, = 9 GeV
UrGD 81251 (5, -9 Ge
0-20%
140-60% = o o
S0 {Hits) 0-20% 80-100%
2 mRTTREREREERRREeaaL cell 0.2294 - 0.3248 | 0.0042 - 0.0047
I s 4848888884884, "
v : b detector 01.84 1.43
(Eloss) = 0.7-0.8 MeV, (ToF) = 1.1-1.6 ns
600000000000000000
] S Y Ll L
S4 56 7 6 6 T01T121514151617167620
Cell ID 7
1.6
Fe UrQMD Bi+Bi |5y = 9 GeV °
0.8 UrQMD Bi+Bi {5,y = 9 GeV ' 15Fe o «MB Bl E o
«MB ~F #0-20%
L= 0-20% L] F 140-60% .
R +40-60% = 4k '° 080-100% *
2 ot ©80-100% v $ = F .o o
s 076 o F
n 5 .2 K] 1.3 .o o
ng 0.74 5 v £ ) o e
v ¢ ! 1 1.2F 2 © .
0721~ . ] ° F "% 507
¢ R * ‘
0.7~ * ] ; ? ! L | L | L . t e .\ L L L L
L)) \ L L 2 4 6 8 10 12 14 16 18 20
e 3456 78 90111213 74151617187620

Cell ID
Cell ID
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Baseline MBB-60-25 €1 ¢ /5NN = 9 GeV

1E
% .ﬂrBQMD C+C |5, =9 GeV
F »0-20%
140-60% -
o80-100% (Hits) 0-20% 80-100%
2 semEEEEEEEEE e cell 0.00882-0.01182 | 0.00085-0.00097
T AAAAAAAAAA‘A..
v detector 3.390 0.295
0 00000000000000000 <E|oss> = 0.62-0.78 MeV, (ToF) = 1.1-1.5 ns
1047 S S sy v
12345678 91011121314151617181920
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0.8
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z oMB ; 4 E 0-20% H
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MBB-60-25

p

28 Oct. 2020 - VI MPD Collaboration Meeting | 17/27

\/SNN — 9, 11 GeV

(Hits) 9 GeV 11 GeV
cell 0.00084-0.0011 | 0.00100 - 0.00122
detector 0.313 0.365

(Ejoss) = 0.68-0.82 MeV, (ToF) = 1.1-1.5 ns
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.
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Simulated 16/32 strips, MBB-60-25 -

16 — 32 strips: factor of 4 increase in the avg. number of hits in detector
per event, then we estimate 32 — 48 strips: extra factor of 2 increase

12
10 ~

-0 p+p, /SNN =9 GeV
- Bi+Bi, /syny =9 GeV, 80-100%

Avg. hits, all detector
(@)}
|

4 - — C+C, /syn =9 GeV, 80-100%
N /
0 T T T 1

16 32 48%*

STRIPS
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MBB-150-15 { : 16 strips

18 -
16 -

S 14
3
£ 124
E 10 -
© -= Bi+Bi, \/snn =9 GeV, 80-100%
£ 8] —a p+Bi, \/anN =9 GeV, 40-60%
o 6 7 —a -O- p+p, v/Snn =9 GeV
<)>: 4 - C4+C, /syN = 9 GeV, 80-100%

2 -

aA—
0 ] ] T 1
OFF ON

4+ 60 cm flat smearing
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MBB-150-15 { £ 32 strips estimate

we estimate 16 — 32 strips: factor of 4 increase in the avg. number of hits
in detector per event

g 6
(@)
% 5 A —=a
© 44 - p+p, /Svn =9 GeV, 32 strips
T“_ 3 — C+C, /snny =9 GeV, 32 strips
2 24 -o- p+p, /SvnN =9 GeV, 16 strips
< .
o 1 =N — C+C, /syn =9 GeV, 16 strips
>

0 t t t 1
<

OFF ON

4+ 60 cm flat smearing
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Trigger efficiency - multiplicity

miniBebe trigger efficiency

miniBebe trigger efficiency
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Combined trigger efficiency - multiplicity
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Trigger capabilities: raw centrality

Linear relation between hits in miniBeBe and generated charged particles
— useful to produce an online centrality trigger with miniBeBe

UrQMD Bi+Bi |5, = 9 GeV.
— 0%-15%
— 15%-45%
—— 45%-90%

Number of miniBeBe hits
No. of events

N Lol I L I I
200 300 400 500 600 700 800 900 60 80 100 12

Number of generated charged particles No. of hits

miniBeBe raw multiplicity varies with centrality ranges and some events
may be assigned to wrong centrality range — can be corrected offline
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Trigger capabilities: time information
Avg hit time and time-of-flight of first charged particle reaching miniBeBe
(leading time) for z > 0, t,ignt, and for z < 0, ticft
RMS of At = t,ignht — tieye, hint for best time resolution of the miniBeBe

16 E, UrGMD BIisBi 5= GeV 100 UrQMD BisBi {5, =9 GeV
. F' —m— leading time E —— leading time
g 14 —_e— averagetime RMS: 0190 + 0.0017 ns
3 12 ; - = average time
'z E 2 102 . RMS: 0.572 + 0.007 ns.
& 10fp £ £
E g E
! 8F 5 L
< C .
= E <] L
5 6F S 1ok
» E E
21 :
2F I
E 1
O | | | L | | | E L !
10 20 30 40 50 60 70 -3 3
time window [ns] At=1t e, NS]

minimum RMS value for the At dist is obtained using the leading time for
particles reaching miniBeBe
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Simulation findings for baseline miniBeBe

® trigger signal with ~ 100% efficiency for mid-rapidity and for
forward region, trigger efficiency < 80%,

® |eading time is optimal for trigger, especially for high
multiplicity events,

® time resolution of 26 ps for trigger in central collision;
non-central collisions, not so stringent time resolution of 85 ps,

® number of hits sensitive to centrality of the collision; good for
online raw centrality classes

® able to distinguish beam-gas interactions from beam-beam
collisions under certain conditions for vertex
More details in

The conceptual design of the miniBeBe detector proposed for NICA-MPD
https://arxiv.org/abs/2007.11790

Submitted to JINST.


https://arxiv.org/abs/2007.11790
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Closing remarks

® Design based on combined use of plastic scintillators and
SiPMs.

® Mechanical structure based on a plug & play concept.

® Fast readout electronics.

® Room for improvements when considering larger azimuthal and
longer axial coverage.

® miniBeBe can provide a fast wake-up signal for TOF in
collisions of small systems at MPD-NICA
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