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Overview of the trigger scheme in 2023 Xe run BM@N
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Design and read-out of BC1, VC

Detector PMT Radiator
BC1 Hamamatsu Scint. BC400B
R2490-07 100 x 100 x 0.25 mm?
Scint.
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VC 113 x 113 x 4 mm?
R2490-07 @ 25 mm
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Design and read-out of BC2
: BM@N

Detector PMT Radiator
Photonis Scint. BC400B
BC2 XPM85112/A1 Q400 34 x 34 x0.15
25x25 mm? mm?®
FEE
iy “Air’-lightguides from Al-mylar
PMT
/ Two signals from each PMT: Anode and MCP \
% Linear —— TQDC
il g Fan-Out
E— 7\Sum Linear — TOU
Fee v Fan-Out - TQDC
Lineal’
Bottom Fan-Out — TQDC
50 Q Lemo splitter

o /

Additional read-out of LVDS signals from FEE into TDC72VHL.
Both, TQDC and TDC provide high resolution timing.




Indication of radiation damage in BC1 and BC2 @N

Baryonic Matter of Nuclotron
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First look at BC2 with SiBT3
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BC1 and BC2 RMS (%) at the start BM@N
and at the end of the run

No low Z additional pulses

TQDC_BC1S.GetIntegral()
BC1 o
BC1T BCI1B BC2S BC2T BC2B o Ea
S A [T R
Initial 46 4.6 5.9 99 89 128 T oy !
'\‘ ‘ i d L
Final 5.6 6.8 8.8 11.6 11.6 15.7 P e
BC1 Integral in 3.6 s, a.u.

Continue to use BC1S and BC2S in the trigger. Offline amplitude resolution

Replace the scintillator for BC2 (it's out anyway), Detector o (%)

9 spare scintillators are available. BC1 4.8

In order to replace the scintillator of the BC1 BC2 7.1

one would need to take out the vacuum section,

7 spare scintillators are available. SIBT3

(expected) R
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Time resolution of BC1 and BC2

0/=07+0?

ij: BC1, BC2, FD1

Detectors 0, PS
BC1l - BC2 57
BC1 - FD1 61
BC2 - FD1 58

(BC1&BC2) - FD1 52

Measured with additional FD1 counter, placed behind the FHCal hole.

FD1 is similar to BC1 in design, PMTs and scintillator (prepared by V.Velichkov).
FD1 is saved ready for the next run.

Current BC1 and BC2 have < 45 ps resolution. Combined, they can
provide < 30 ps resolution.

BC2 signals have long negative tail, and for two close pulses (~100 ns)

showed considerable decrease of the second pulse amplitude.

Therefore, replacement of the PMTs to Hamamatsu R2490-07 is planned.

(PMTs are available, the housing will be designed and made

by V.Velichkov, V.Azorskiy). The current MCP PMTs will be also ready, if needed.

Detectors 0,, PS
BC1 43 ]
" BC2 38 N
FD1 44
N (BC1&BC2) 28.2

285



<Norm. amp.>

PMT Radiator o/A (%)
XP2020 Quartz 1 mm 17.0
XP2020/Q Quartz 1 mm 11.7
R2490-07 Scint. 0.5 mm 5.3
FD: Amp vs Time in Spill, Run = 7426
1.03
- PMT: Hamamtsu R2490-07
1.02-
1.01f
1: Aiw 1 ++++ +++++++4++++++++ |+++++\ l++ ‘++++‘
- B | T o
0.99f
0.98f
0'977 0 | 0.5 | 1 | 1.5 | 2
Time in Spill, s

FD design and response

Radiator
150 x 150 mm?

Air-lightguide
from Al-mylar

Baryonic Matter af Nuclofron @

Significantly better resolution
with scintillator radiator.

Quartz hodoscope has 2%
resolution (FHCal group)
and will be used in offline

analysis.

Current FD is ready for
the next run.

Vacuum version is under
consideration, but not yet
designed.



» Inner shield: Pb - cylinder 0.3 cm thick;
* Quter shield: 25 x 50 cm?2, L=0.5 cm.

Multiplicity Detectors

N(CCT1) / N(BT) at BD = 4

0.22

Silicon detector
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rd
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0.08

g

0.08

o [TTTJTTT T[T ITTITTIITT]ITT T

5

40

30

20

lI_'-I|I\II|IIII|III\|IIII|II

35 40

BD multiplicity

1 L L 1 L 1 L L L L L L
0 0.5 1 1.5 2 2.5
Target, %

BD was sufficient in the last run, SIMD might be useful for the light
ion beams. (Should the SIMD be prepared for the next Xe run?)

Even with added Pb-shielding, the background from &-electrons is
significant and larger, than predicted by Geant4 simulations.

At BD =4 and 2% target, N(CCT1) / N(BT) is 0.22,
while 0.02-0.04 was expected. CCT1 rate is very non-linear with 1%
and 2% targets (high sensitivity to pile-up of beam ions?).

Planned change in the handling of the BD pulses:

1) higher FEE threshold (V.Rogov),

2) short pulses will be ignored in the TOU (S.Sergeev) ,

3) the multiplicity count will be not dynamical, as currently,
but locked at fixed time after BT (S.Sergeev).
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FEE board + SiPMs

New Barrel Detector with 64 scintillation strips B M @ N

D126

80 N
57
<
o~
/ql-/ q— w
Target = S X
- @ — —
-745° - 0 o
ak--

3-mm Cu

Rubber

64 scintill. strips
57x7 x5 mm

BD granularity is increased from 40 to 64 channels
for more efficient selection of central collisions.

57x7x5 mm scintill. strips and 3x3 mm SiPMs (J-ser. SensL)
have been purchased in 2023

BD consists of two parts (right and left)
with 23 channels each and simple installation
around the vacuum beam pipe

3-mm Cu layer instead of Pb one is used for the delta-electron
protection to decrease the nuclear interactions of hadrons
produced in the target

Purchased parts: SiPMs, scintillator strips, cupper.

The new BD is planned not for the next run, but is ready,
It might be used.

New shield simulation will be performed (N.Lashmanov).
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FEE PCB SiPM side

Electronics for the New Barrel Detector

FEE PCB connectors side

(design) (design)

— — - —— - - | F. —————————————

| +U bias -5V : I one-shot LVDS FAN-OUT | to TDC
| Balanced out | CMP I f

| > ; |

| : | BUF | to FPGA
| T : I LIv translator ]

| preamplifier I | t

BARREL DETECTOR FEE

BUF | Analog out

BARREL MULTIPLICITY MODULE

M@N

Baryonic Matter af Nuclofron

FEE design is in progerss
(V.Rogov).

New TOU will be needed
to implement new functionality
(V.Rogov, S.Sergeev).

Main components for the TOU
are available.
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Second BC1

Planned modifications to the TOU trigger logic

FD

soft

=% BM@N_TrgMgr_22 v2,

3

| o e S

Actual local spill nbr - XX}

HOCK Actual sec # XK

“Main"{ Counts | Lv

BD Service | Serwce|

Configuration file name - "main20220620083158. EMNCfg" (detyhjety)

detyhjety
BC1

BC2 VC

Ty

00O 200K 000K X200

B/A prot
Spill gate

<
<

BD SiD
‘ NBD=I1 ‘NBD>h1 ‘ NSID=12 NSiD>h2‘
2000000 [ XXX 20000 | XXXXXX

SEID GIPE Q% ¢

K00

FD'

7

nZDC

BT=BC1*BC2
X000 . aw
N 1]
0 : i
( MBT1=BT NIT1=BT*FD
Y Y Y
‘ pCCT1=BT*BDlow*SiDlow "pCCT2=BT"BDhigh"SiDhigh ‘ 000X [‘Q\ JOOXXKX []
OO OO b
‘ MBT=MBT1 ‘ ‘NIT:NlTl‘*/nZDC
XHXXXX OO0
4 /@' h 4
‘CCTI:pCCTl*MBT ‘ ‘ CCTZ:pCCTZ"MBT‘
OO OO
4 l L v
BT T T2 MBT NIT

[ Configs| Channel Input | Delays | Switches | CAEN

BC1 (low)
Polarity

@ Negative () Positive

BC1 (high)
Polarity

@ Negative () Positive

BC2
Polarity

() Negative @ Positive

vC
Polarity

() Negative @ Positive
FD

Polarity

@ Negative () Positive
nZDC

Polarity

@ Negative () Positive
Spill gate

BD and SiD multiplicity
MED_1 1
MNED_H1 3

ThimV  -200 =

Test signal ON [

ThrmV 0

Test signal ON

Thr,mV 50

Test signal ON

Thr,mV 50

Test signal ON

ThrmV 0

Test signal ON

ThrmV 0

Test signal ON

Test signal ON

NSiD_L2 2

NsiD 12 5

WARNING! BT signal is used as a strobe

BD Test signal ON (=]
ED mult 3

SiD Test signal ON (=]
SiD mult 3

Counts

10°

10

1) Second threshold for FD signal

MBT,__ for CCT2 as now (i.e. 65-70%)

hard

MBT_, (=90%) with downscaling

soft

450 500
Amplitude, mV

400

2) Second BC1 input signal
In order to reject close pile ups
at the TOU level.

3) Multiplexor output not only

to the scope (as now),
but also to CAEN digitizer.
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Thank you for your attention



<Norm. amp.>
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BC1 and BC2: Amplitude stability in spill. Offline resolution

BC1: Amp vs Time in Spill, Run = 7400
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stable at 2-4 % level

can be sensitive to (X,Y)
beam movement during spill

next step is to add
Beam Tracker into analysis

<Norm. amp.>

BC2: Amp vs Time in Spill, Run = 7400
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Offline amplitude resolution

Detector o (%)
BC1 4.8
BC2 7.1

Good resolution of BTr3 is very important
for offline rejection of upstream interactions
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