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BM@N F\WD-Si relative to the target on the BM@N experimental hall for
the April-June-2025 session

All 8 FSD planes were

installed and adjusted in ; _
the SP-41 magnet: Reference pQInts

g ‘.‘
< After preliminary 4 2 w_\ ]

positioning of each half-
plane relative to the beam
pipe, the coordinates of the
reference points on the
planes in the coordinate
system of the installation
were measured using laser
geodesy and the reversals
(distortions) of the planes
around the axes (¢,; ¢; ¢,)
were determined;

* Adjustments were made to
minimize distortions (the
difference  between the
corresponding coordinates
of the two reference points
is no more than 0.3 mm)
and the final measurement
of the coordinates of the
reference points (with an
accuracy of +/-0.01 mm).
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BM@N

Cosmic tests station 1

Beam hole
-

93643 hit

entries

./

111664 hit

201548 hit
entries

198035 hit

entries

entries

Cosmic tests station 2

FSD: after replacing

124789 hit

138624 hit

entries

entries

Cosmic tests station 3

165513 hit
entries

319725 hit
entries

Cosmic tests station 4

All dead zones
have been
eliminated!




BM@N
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To eliminate the dead zones it was necessary to assemble a new FEE
board completely, 5 ASICs were spent to eliminate each of defects. The
old boards were disconnected from the modules and replaced with a
new ones. Total: 9 new black boards (p+ strips) were built, 45
VATAGP 7.2 ASICs were used (30 spare ASICs available).
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27.02.2025, 14:56 27.02.2025, 16:44
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BM@N Radiation Si-monitors on FSD region for equivalent neutron fluence Zx=
measurement

Si- pin-detector (rad_monitor) :
- Detectors size: (5x5x0,3) mm3
- Detectors thickness: 300 pm

- Active area: 13 mm?

Al=oxVxO

Al =1, =1, (A):

* |, —dark current after

irradiation;

I,- dark current before
irradiation;

* a; = (5£0,5)- 10717 (Axcm?)
— radiation damage constant-
Si (for neutrons 1MeV at
+20°);

* V, (cm?) — volume of SCR
(spice charge region at Uy,);

« @, (cm™?) — eq. neutron
fluence (1 MeV)




BM@N Radiation Si-monitors on FSD region for equivalent neutron fluence
measurement

L — the distance from
the center of the
target to the center
of the Si-monitor
(mm)

# Si- .
Station #4

monitors
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BM@N

I, NA Expected

Detector’s (V,,= 100V) Expected ®@, AL nA
V, mm3 op
number (before cm-2 (after

irradiation irradiation

0248 13 0,003224 0,898 1,61
0250 13 0,00325 0,885 1,63
0242 13 0,003146 0,691 1,57
0248 13 0,003224 0,673 1,61
0241 13 0,003133 0,671 1,57
P 0249 13 0,003237 0,970 1,62
1x1010
0241 13 0,003133 0,882 1,57
P 0249 13 0,003237 0,816 1,62
P 0238 13 0,003094 0,646 1,55
0253 13 0,003289 1,23 1,64
0250 13 0,00325 0,719 1,63
0242 13 0,003146 0,835 1,57
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BM@N

Current situation on FSD installation and tests on BM@N
experimental hall, list of works to be done

In February-2025, FSD assembly, alignment and tests were performed on the
BM@N experimental hall. By using of the developed device for coordinate planes
position adjustment the alignment accuracy of 0.3 mm with XYZ axes was
achieved. The accuracy of measurement of the reference points of the planes
relative to the zero of the BM@N coordinate system is +/- 10 um.

During tests (pedestal noise) after alignment, two “dead” chips (128 channels
FEE=1 ch.ADC each) were found in half-plane PI-(3-1) and half-plane PI-(9-1),
these half-planes have been removed from the experimental hall and will require
re-alignment on the channel + repeat tests.

The behavior of defects in time is unstable (flickering), which indicates the
operability of all electronic components of the module, we hope that this is a
defect of PCB mounting contacts.

Disassembly of half-planes and removal of modules with defects will be required.
After troubleshooting, the modules will be installed in the half-planes, and work
on reassembling and adjusting the planes should be completed by early April
2025.




Backup



Mocne npenBapuTeNIbHONO NO3ULMOHMPOBAHUA KaXKAoM MOAYNAOCKOCTM OTHOCUTENIbHO TPyObl C MOMOLLbIO
NAa3epHOoI reofesnun U3MepsIMCb KOOPAMHATbl ee Tpex penepHbix ToyeKk (1; 2; 3) B cucTeme KoopauHaT
YCTaHOBKM 1 OMpefensncL ee pa3BopoTbl BOKPYr oceit (¢,; @,; @,) (nepekocsl). Mponssoannack perynmposka
ANA MUHUMM3ALMK NepeKocoB (pasHuLa COOTBETCTBYHOLMX KOOPAMHAT ABYX penepHbiX Toyek He bonee 0.3
MM) U OKOHYaTe/IbHbIN 3amep KoopAMHAT penepHbIX ToyeK (¢ TouHocTbto 0.01mm).



BM@N

Two type of Si-modules for Forward Si detector

Stationl
DSSD 63x93mm?
6 modules

Detectors size: 63x93x0,3 mm? (on 6” — FZ-
Si-n wafers)
Topology: double sided microstrip (DSSD)
(DC coupling)
Pitch p* strips: 95 um;
Pitch n* strips 107,1 um;
Stereo angle between p*/n* strips: 2.5°
Number of strips/DSSD: 640 (p*)x603(n*)
Number of strips/module: 640 (p*)=x640(n*)

Station 2,3,4
DSSD 63x63mm?
42 modules

Detectors size: 63x63x0,3 mm?3 (on 4” —
FZ-Si-n wafers)
Topology: double sided microstrip (DSSD)
(DC coupling)
Pitch p* strips: 95 um;
Pitch n* strips 103 um;
Stereo angle between p*/n* strips: 2.5°
Number of strips/DSSD: 640 (p*)x614(n*)
Number of strips/module: 640 (p*)=x640(n*)

13
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Current position of GEM stations

Position of GEMs after shift (Z+93 mm)
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BM@N  position of double-coordinate Si-detectors relative to the axis of

the ion guide
PRSP Beam tracker detector center
~_ 1 & coordinates relative to the ion guide
-t 9 axis (mm)

/ 5 © # X Y | zv
Ch#128 () #1 00 | 09 | 947
L : : :
| | Ui #2 27 | -03 | 96.9
Ch#L (M) . #3 (Al 04 | 01 | 949

\ Strip pitch in the detector: 0.45 mm

Number of strips: 128x128
Thickness: 175 pm
Size: 63 x 63 mm?

Beam directions

Beam profilometer detector center coordinates
relative to the ion guide axis (mm)

# X Y zZ*
. #1 (electric) -1.3£0.1 | 0.7£0.1 99.7
#2 (pneumatic) -2.7£0.5 | 1.4+0.2 100.7

Z*

Strip pitch in the detector: 1.87 mm
Number of strips : 32x32
Thickness: 175 pm

Size: 60 x 60 mm?

—

*Distance between the flange surface and the detector surface.

Detector rotation in the coordinate plane no more than 0.5°
15



BM@N

New beam profilometer (64x64) strips for heavy ions (Xe, Au, Bi)

Ha puc. pesyromamol mecmos-2022 c anvgha ucmounukom Si — npopunomempa:

- TAKyI0 K€ KapTUHY MBI XOTEJH MOJTYYUTh IIPU pab0Te C IyIKOM, HO HE YJIaTOCh M3-32 HAIOKCHHIA TTPH
«meaneHHo annekrponuke ( UC-VAL63);

- 00a mpoduomerpa ObUTH yOpaHBI B TIOJIOKEHUE «ITAPKOBKA» W HE MCTIOIH30BAINCH B CEAHCE;

- HaIllM TUIaHBI U JeHCTBUS — BeaeTcs HoBas pazpaboTka (C.Xabapo+O.TapacoB) KOHCTPYKIIMHU TIJIOCKOCTH
nerekTopa (128x128) crpunos npespamiaem B (64x64) crpuna + HoBas FEE na ocnoBe UC HDR64/VA, uuribl ecTh
B HAJIMYWHU, JETEKTOPHBIE TJIaThl pa3paboTaHbl, U3TOTOBJIEHBI M TOTOBHI K cOOpke aeTekTopoB, FEE-PCB B
pa3zpaboTtke (C.XabapoB), neTekTopsl ecTh u TecTupyroTcs (E.Crpenenkas+H0.KonbiioB), TOTOBHOCTh — OCeHb 23.

Collimated 226Ra profile events . .
64 . + detector: DSSD, (32p*x32n*), strips pitch = 1.8 mm,
thickness (Si) -175 um, active area (60 x 60) mm?;
. - « mechanical design: the plane of the profilometer is
§ - automatically removed from the beam zone to the

* parking position;

« FEE: for light (;C + ;gAr) ions based on VA163 +

s TA32cg2 (32 ch, dynamic range (DR): -750fC +
+750fC) desing in progress;

 current status:

- two vacuum stations with flanges and cable
connectors are ready, Silicon Detectors assembled on
PCBs and tested with alpha-source (5.5 MeV),
autonomus (ADC+DAQ) subsystem ready;

- for heavy (Kr = Au) ions will be developed another
version of the FEE with DR =+ 20 pC.

working position parking position 16
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Currents of SIBT(1+3) detectors at the beginning of the run and at the end of the run:
“substrate” is the dark current created by radiation defects of Xe-ions;
fast pulse component is the ionization current during the spill.
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BM@N

_JI®B3

—&— DSSD before irrad.,T = +20 C
—e— BT2 afterirrad., T =+20 C
Probe or US-bonding 1E-5 5
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Boraon Si-n FZ o Al= a*®*V, 0,=5*10""7 Alcm
implantation 175 pm L Al=1,-1,,= 4,76 uA (20 V, T = +20 C)
1E-8 . — ! —t ¥
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() (b)

Schematic of measurements (a) of the dark current of the double-sided silicon strip detector and 1-V
curve (b) before and after the session.

Formula for determining the equivalent 1MeV neutron fluence from silicon damage:
Al=«a 1 D-V

where: a, — current constant of silicon damage is equal to 5x10-1” A/cm, at +20°C for neutrons with energy
of 1 MeV and physically means the current increment in a silicon detector of 1 cm? volume from the
passage of one neutron (1 MeV),

®,cm2 — neutron fluence,
V, cm?3 - detector volume.
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BM@N

| 40» MKA/+20 B/+22.5°C

lagp)» MKA/+20 B/+26.8°C

(04.12.2022 nayvaino ceanca) (2.02.2023 oxoHuaHHE ceaHca)

AL =1d(d) — 1d0= oI -®-V, MKA
(mpuBenénnoe k +20 °C)

BT1 0.965 12.7 4.76
BT2 0.692 12.5 4.6
BT3 0.626 12.9 4.93
128
IKBUBAJIEHTHBIN ()JIIOEHC daroenc 128Xe, cm? Htf;llclgolzﬁipn c>e(ael’1c
HeiiTpoHoB 1 MaB, cm™ pacuer 4epe3 NIEL, qll e3 gi- CTEKTODEI
(M3MepeH 1Mo paguaAHOHHBIM K(®Xelneiumpon P BT?l*B) P
MOBpPeEKIeHUIM Si) IM>B)=276 S,=37 em?
BT1 5.117e+12 1.854e+10 6.899e+11
BT2 4.945e+12 1.792e+10 6.667e+11
BT3 5.300e+12 1.920e+10 7.145e+11
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