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R&D for Si-detectors on BM@N

1. Design of new Si-station #5 for FSD:

two planes with 11pcs of Si-modules;
active area of Si-modules (186x63)mm?;
Number of FEE-channels (strips) of station - 128x10x22=28 160 ch;

Contract # 100-03046 (26.07.2024), ZNTC-JINR for production 50 pcs of
DSSD and 60 pcs of PA-640.

2. Design of ASIC-128 ch chip (ASi-BM@N) for FEE station#5 FSD:
- design and simulation of chip (2022-2023 years);
- GDS files for production experimental chips;

- Contract # 100-03185 (06.08.2024), INP BSU (Minsk) - JINR for production 3
wafers/2000 chips — in 2024-2025 years;

3. Design of new beam profilometer for heavy ions Xe(10.8 pC/175 um-Si),
Au (20.9 pC/175 um-Si), Bi) with high dynamic range of AE-signals (240+500
MeV/175 um-Si).

4. Experimental measurements of neutrons equivalent fluence (1 MeV) in
FSD region (on outer surface beam-pipe and in region FEE-chips)
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1. Position of the new FSD-station #5 on the BM@N
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X-Z cross section of central tracker

Forward Si fracker
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Current position of GEM stations

Position of GEMs after shift (Z+93 mm)



Three type of Si-modules for Forward Si detector

Detectors size: 63x93x0,3 mm3 (on 6” — FZ- Detectors size: 63x63x0,3 mm? (on 4” — FZ-
Si-n wafers) Si-n wafers)
Topology: double sided microstrip (DSSD) Topology: double sided microstrip (DSSD)
(DC coupling) (DC coupling)
Pitch p* strips: 95 um; Pitch p* strips: 95 um;
Pitch n* strips 107,1 um; Pitch n* strips 103 pm;
Stereo angle between p*/n* strips: 2.5° Stereo angle between p*/n* strips: 2.5°
Number of strips/DSSD: 640 (p*)x603(n*) Number of strips/DSSD: 640 (p*)x614(n*)

Number of strips/module: 640 (p*)x640(n*) Number of strips/module: 640 (p*)*x640(n*)



2. Main parameters and block scheme of ASIC-128 ch/ASi-BM@N
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3. New beam profilometer for heavy ions (Xe, Au, Bi) with Si-detector (64x64) strips

Beam profilometer
is necessary for beam tuning in self trigger mode
(alignment of the center bear)n with the center of the
target

® detector: DSSD, (128p*x128n*), strips pitch = 475
um, thickness (Si) -175 um, active area (61 x 61)
mm?2. Strips are combined in pairs on detector board.
Total have (64p*x64n™), pitch = 950 um

* mechanical design: the plane of the profilometer is
automatically removed from the beam zone to the
parking position

®* FEE based on two VA32HDR11 ASICs. Total
number of channels are 64 for X and 64 for Y
coordinate. Dynamic range of signals: -35pC +
+25pC. Charge of ionization for heavy ions Xe(10.8
pC/175 pm-Si), Au (20.9 pC/175 um-Si), BiI)
corresponded of AE-signals (240500 MeV/175 um-
Si).

Peaking time 800 ns.
Self trigger mode based on TA32cg2 ASICs

® current status:

FEE have been designed, manufactured, work in

New readout electronics for beam profilometer progress to electronics tests.

Next step is testing FEE with Si detector placed in

flanges with alpha-source (5.5 MeV) and

standalone DAQ subsystem.

Beam profilometer
standalone DAQ



4. Radiation Si-monitors on FSD region for equivalent neutron fluence
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)

A-Al1:4)

e I

FEE-chips -VATAG-7

Position of rad_Si-monitors
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All dead zones
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FSD: before replacing (Run 8305, 30.01.2023)
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Counts
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Module 17, B-source, 75V, occupancy
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Chip #5

FEE board replacing
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Module 17, B-source, 75V, sigma pedestar /

Q 100 200 00 400 500 600
Strip number

Before replacement

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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Y-Z cross section of central tracker

Forward Si fracker

4516 -793

GEM fracking system
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Position of double-coordinate Si-detectors relative to
the axis of the ion guide
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Ch #128 (n*)
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N

Beam directions

|

Z*

—

*Distance between the flange surface and the detector surface.
Detector rotation in the coordinate plane no more than 0.5°

Beam tracker detector center
coordinates relative to the ion guide

axis (mm)

# X Y Z*
#1 0.0 0.9 94.7
#2 2.7 -0.3 | 96.9

#3 (Al) 0.4 0.1 | 94.9

Strip pitch in the detector: 0.45 mm

Number of strips: 128x128

Thickness: 175 pm
Size: 63 x 63 mm?

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

# X Y Z*
#1 (electric) -1.310.1 | 0.7+0.1 99.7
#2 (pneumatic) -2.7£0.5 1.4+0.2 100.7

Strip pitch in the detector: 1.87 mm

Number of strips : 32x32
Thickness: 175 pm
Size: 60 x 60 mm?
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New beam profilometer (64x64) strips for heavy ions (Xe, Au, Bi)

Ha puc. pesynomamot mecmos-2022 c anvgha ucmounuxom Si — npogpunomempa:

- MAKY10 JHce KapMuHy Mbl XOmeau noayuums npu padome ¢ nyuKkom, Ho He YOaioChb U3-3d

Hanod)ceHui npu «meodnennoiy nekmponuxe ( HC-VA163);

- 00a mpodusioMeTpa ObLJIM YOPaHbI B MOJI0KEHUE IMAPKOBKAa» U HE UCI0Jb30BAJIMCH B CEaAHCE;

- HAIIIM TJIAHBI U 1eHCTBUS — BeleTcsa HoBas pa3padorka (C.Xadapos+(O.Tapacos)

KOHCTPYKIUH IVIOCKOCTH JAeTekTopa (128x128) crpumnos npespamaem B (64x64) crpuna +

HoBasi FEE Ha ocnoBe UC HDRG64/VA, yunbl eCTh B HAJIUYHUH, 1€TEKTOPHbIE IJIATHI
a3padoTaHbl, U3TOTOBJIEHBI H TOTOBbI K cOOpKe qeTekTOpoB, FEE-PCB B pa3patorke
C.XaﬁggOB), nerekTopbl ecTh U TecTUPYOTCA (E.CTpenenxkas+H0.KonbLioB), roTOBHOCTH —

OCeHb_23.

Collimated 226Ra profile events

- 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 +
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.

1350
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—&— DSSD before irrad., T = +20 C
®  BT2 afterirrad.,T_=+20C

1E-5 5 —4a— BT3 afterirrad.,T_ = +20 C
Probe or US-bonding " 0666066 606 6—46 e L ¢
Al-scribing /“
line
j" 1E-6 5 = "
< ] St R
p+ i
Boron U o
implantation 4 S 1 ;
cvra 3 Al= a*®*V, 0,=5*10"7 Alcm
Si-nFZ . ‘ ‘ |
Boron 3 Al=1_-1 =476 pA(20V, T, =+20C)
implantation 175 pm ]
T

v 1E-8 T — T — T T T 1
123 0 5 10 15 [20] 25 30 35 40
200 kQ 200 kQ Bias voltage, V

Probe or US-bonding
wires

(a) (6)

Puc.5. Cxema usmepeHuii (a) TeMHOBOro TOKa ABYXCTOPOHHEro CTpunoBoro Si-
AeTteKTtopa n BAX (6) ao v nocne ceaHca.

dopmyna onpegeneHuna skBuBaneHTHoro 1MsB ¢pntoeHca HEMTPOHOB NO
nospexaeHnam kpemuua Al = a, - D-V

rae: o, — TOKOBas KOHCTaHTa nospemp,eHmm KpeMHua pasBHaeTca 5x1017 A/cm, npw
+20°C anA HeTPOHOB € 3Hepruelt 1 MaB 1 dusnyeckn o3HayaeT npMpaLleHne ToKa B
KpeMHMeBOM AeTeKTope 06bemom 1cm3 OT NPoXoxAeHMA oaHOro HeliTpoHa (1 MaB),
®d,cm2 — dpntoeHc HelTpoHoB, V, cm3 — 06bem aeTeKkTopa. Y



BM@N

l4oo MKA/+20 B/+22.5°C L) MKA/+20 B/+26.8°C | Al =1d(¢d)— 1d0=al -d-V,
MKA
(04.12.2022 Havano ceaHca) (2.02.2023 oKoHuYaHMe ceaHca) (I'IpVIBe,EI,éHHOe K +20 OC)
BT1 0.965 12.7 4.76
BT2 0.692 12.5 4.6
BT3 0.626 12.9 4.93
JKBMBaNIEHTHbIN (AIOEHC dnroeHc 128Xe, cm2 Yucno apep 128Xe,
HelTpoHoB 1 M3B, cm2 pacyet yepes3 NIEL, | npowepalumnx 3a ceaHc
(M3mepeH nNo paanauMOHHbBIM K(1?8Xe/HelimpoH yepes Si-geTeKTopbl
nospexaeHuam Si) 1M>sB)=276 BT(1+3),
S,=37 cm?
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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