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lMpoyecc ycmpaHeHuUsa HeyyecmeumesnbHbix FEE-KaHanoe e
nepeodHel yacmu mpekepa FSD-Si

CocmosHue Ha 26.09.2023.
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3ameHa PCB(n+) - MoHmax« Ha modyne — Y3C — mecmol -
PEMOHT Pl#2, aBrVCT CEHTFIpr 2023 - moHmax¢ mod.Ne41 Ha naockocme Ne5/1
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Moaynb N241 nocne 3ameHbl PCB-640(n+) nonHocTblo paboTocnocobeH, TecTbl NpoBeaeHbl ¢ B
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FST Si module test results
(module #41)

Occupancy distributions in FSD Si module channels
after noise suppresion

|

B-source positions

[HV=75V, 4 17°C

ADC Counts

#1 #2 #3 #4 #5

Module view after US- Bonding detectors and PAs,
number of US- Bonding - 640, @ Al wire — 25 pym
1ch.ADC,_, =45e, 1ch.ADC, . =42¢
Dark Mean Mean . " Ba )
Module ID | current noise noise '\/::E\//A(Dl::) N::E\,/A(Drg SIN p*side | SINn*side | d
(50V), ¢p), (n), ’ ' chann
nA ch.ADC ch.ADC els
ratio,
: %
FSD Si module channels 41 0 3584,00 36,93 50,76 536,20 578,89 14,09 13,32 0,55




Silicon Detector Module

Be?:;lzipe Silicon half-plane with FEE _ N _ 63000 pm + 15um
— Cooling Silicon Detector module (p+) side W’ ‘MMWWH’ 'HHU

wx

p*implantation

LV input region

Cooling H‘} i

Double sided Silicon detector (p+) side
Size: 63x63x0,3 mms3 (on 4” — FZ-Si wafers)
Topology: double sided microstrip (DSSD)
(DC coupling)

Pitch p*strips: 95 pm;
Pitch Adapter (n+) side Pitch n* strips 103 pm;
) Number of channels: 640 Stereo angle between p*/n* strips: 2,50
Capacitog Value of poly-Si resistors: ~ 1 MQ Number of strips: 640 (p*)x 640(n+)
Value of integrated capacitors: ~ 120 pF Development by JINR, RIMST (Zelenograd)
ASIC VATAGP7.2 (5 chips on each side of module) Capacitor working voltage: 100 V Manufactured by RIMST (Zelenograd)

Number of CSA: 128 channels
Dynamic range: +30 fC
Peaking time (slow/fast shaper): 500 ns/ 50ns
Noise (ENC): 70e +12e/pF (typ.)
\oltage supply: +1,5V,-2,0V
Gain from input to output buffer: 16,5 pA/fC . ——
Output Serial analog multiplexer clock speed: 3,9 MHz Value of poly-Si resistors
Power dissipation per channel: 2,2 mW

Capacitor breakdown voltage: >150 V
Manufactured by ZNTC (Zelenograd)




JevHkancynauua komnayHaa BE-08

Llenb: yaanutb (pacTBOpMTb) OTBEPAEBLUNI YePHbIN MHKANcynsHT BE-08 ¢ naaTbl 3N1€KTPOHUKN ANA N3BNEYEHUSA
roAHbIX YnnoB, 6e3 NoBpeXAEHMA aIIOMUHMEBLIX KOHTAKTHbIX Naowanok ansa Y3C

MukancynaHT BE-08 - YyepHas OAHOKOMMOHEHTHaA 3MNOKCMAHAA CMOa C OTBEPXKAEHUEM NPU NoBbllleHHOoN t°

lMpoboesanu cnedyroujue sapuaHmMsl pacmeopumerneu:

BapuaHTt-1: aumeTtuncynbdpokeng, (x4) - C,H.SO;
Anmetundopmamug, (x4) - C;H,NO;

(KomnayHO BE-08 pa3pywaemcs o4eHb MeOs1eHHO).

BapuaHT-2: MypaBbuHHasa kucnota (x4) — CH,0, (99,7%)

(voanaemca aghpekmusHee, HO Moxcem bbimb mpasneHue Al

KOHMaKkmos)

MypaBWbHHaA KUC0TA
4 - CH,0, X4(99,7%)

MpumeHanu cneayiouyio cxemy:

*  Beideprycusanu 48 yacoe 6 CH,0,, yoananu ocmamKu KomnayHod
é pacmeope 1:1 C,H SO + C;H,NO.

* Ha ceroagHAwHMi AeHb ussneknu 3 ynna us 4 Hepaboumx naar,
Lie/Ib N0 U3BJIEYEHUIO YNNOB NOKA He AO0CTUTHYTA!
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3a 76 vacos B CH,0, Al-pactBopunca
Ha KOHTAKTHbIX NA0OLWAAKaxX




BbiBOAbI:

He yaanocb (Noka) oTpaboTaTb TeXnpouecc no yaaneHUo KomnayHaa c
4Ynnos BpakoBaHHbIX NAAT (C LeNbio NONYyYeHUA 3aMacHbIX YXNNOB);

[poBoOAMTCA ANArHOCTMKA OTKa3aBLUMX YMNOB (N1aT) NO AaHHbIM CeaHca-
2022/2023;

JlocTyn K N1OCKOCTAM M AEMOHTaX moaynen 1onbko npu 100%
YBEPEHHOCTM NPUYMHbBI OTKA3a, YTOObI HEe co3aaTh ewe bonee TaAXKeNoun
cUTyaumm;

CobpaHbl BHOBb (OCTaTKM YMNOB) 6 HOBbIX N1aT, 32 OKTAOPbL byayT
NPOTECTUPOBaHbI M BYAYT roTOBbI A1 3aMeHbl AedeKTHbIX NNaT Ha
MOAYNAX;

[0 KOHTPaKTY ¢ POTOHMKC-A3MMYT B OKTABpPE A0NKHbI BbITb NoAy4YeHbl 30
wT. Yynnos (VATAGP7.2), umnbl HaxogaTtca B EASC (gonKHbl 6bITb rOTOBbI
ewé (5-6) HoBbIX NANaT);

MnaH: rotoBHOCTb BCeX 4-X NNOCKOCTEN — cepeanHa aekabpsa-2023.
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Forward Silicon Detectors Configuration (BM@N 2023 — Xe run)
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137
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Half plane view #3 View of the FSD in the magnet SP-41 Location of FSD planes in session

2023 (side OYZ)
Planes #0 #1 H H ota
595,3
Modules 6 10 14 18 48 Location of FSD planes in
session 2023 (side OXY)
Channels 7680 12800 17920 | 23040 I 53760

Area, m? 0,035 0,073 0,102 | 0,132 I 0,307



2. Beam profilometer (two station):

- We expected beam profiles for Xe to be approximately the same shape as profiles in the tests with
alpha-source 2%°Ra, but it did not happen due to signals overlap with usage "'slow"" electronics
(VA163) and with large area of strips (pitch = 1.87 mm); _ _

- both profilometers were put in the “park" position and were not used in the session; _

- our plans and actions: we are making a new development based on DSSD with 128x128 strips
&/p,al\tﬁ?):Rnglo um) and turn it to 64x64 strips (pitch=900 mkm) + new FEE based on fast chip

Collimated 226Ra profile

events

2250

1800

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:
N - two vacuum stations with flanges and cable

o 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

N side

working position parking position
10th Collaboration Meeting of the BM@N,
15 + 19 May 2023



3. Two planes of Si-multiplicity trigger, 64 strips ¢, pitch=5.63, detector thickness —
525 um (0.0056X,):

Almost did not work in session, 16.12.2023 planes were moved away from beam pipe
and were outside the beam zone;

In the last two days of session, the detector was installed in the working position and
data was recorded (did not participate in the trigger) with a beam Xe=3.0 A*GeV,

To make a decision on further application, an analysis of the recorded data is required
(there are two data streams: - a monitor with a display of noise counting and multiplicity

(the indicator of equipment operation is OK!); — branching to TDC with recording
measurements in DAQ, these data are in doubt

The detecting plane of the silicon trigger is assembled from 8 trapezoidal one-sided detectors:
Total 64 radial strips with 5.630 angle

Diameter of inner hole for ion guide @50 mm (dead zone @55 mm)

External diameter of the sensitive zone 186mm

Max diameter 201mm

Detector thickness 500 pm

Half plane

32

channels,

Seuip — 3.55 cm?

45°

11

FEE

215




Trigger data with beam of Xe (3.0 A*GeV),

Trigger barrel Forward part of Si-MD Noise distribution
detector (BD) counting distribution of Si-MD
counting (without beam)
distribution

10th Collaboration Meeting of the BM@N,
15 + 19 May 2023



BM@N Energy deposition of Xe in 175 ym silicon

P+ side cluster amplitude distributions, run 8270

Station 1 Mean: 2137 ch.ADC
1 ch.ADC = 115 keV
Station 2 Mean: 1297 ch.ADC
1 ch.ADC = 189 keV

Station 3 Mean: 2096 ch.ADC
1 ch.ADC = 117 keV




Non Ionizing Energy Loss [MeV cm? g‘l]

NIEL simulation of 124Xe in 175 ym silicon
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BT Si detectors were installed in the most severe radiation
conditions - in a direct beam of heavy xenon ions. Non-ionizing

energy losses (NIEL) are used as a measure of the degree of
radiation damage.

Using GEANT4 with the SR-NIEL library, NIEL of Xe in 175 pm
Si values were obtained.

NIEL from 1 MeV neutron in Si (ASTM Standard E722-19):

NIELy, = 0.0016MeV - cm?/g

NIEL from 4 A*GeV Xe:
NIELy, = 0.458MeV - em?/g

Hardness factor of 4A*GeV Xe:

104

103 102 10! 10° 10! 102 103 10% 103

Energy [MeV]

NIEL of Xe in 175 pym Si

NTELx,/NIEL, ~ 276 = ®, — by, - 276




ADC channel pulse with different formation time (Tp) (test signal 150 mV)
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Fig.4. Pulse shape of the test signal=1.8 pCl at different tp values, HDR 64 chip(VA)

10th Collaboration Meeting of the BM@N,
15 + 19 May 2023



implantation A
n+
Phosphorus

implantation

Probe or US-bonding
wires
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Probe or US-bonding
wires

(a)

Current, A

—&— DSSD before irrad., T = +20 C
® - BT2 after irrad.,T_=+20 C

1E-5 5 —4a— BT3 afterirrad.,T_=+20 C
] [‘mmﬂ—r +66—4 A 7y
-
1E-6 5 3 S R T
Al= ax®*V, 0,=5*10"" Alcm
1E-7 = = =
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Bias voltage, V

(6)

Puc.5. Cxema nsmepeHuii (a) TeMHOBOro TOKa 4BYXCTOPOHHEro CTPUNnoBoro Si-

AeTeKktopa n BAX (6) ao v nocne ceaHca.

dopmyna onpeaeneHusa sksuaneHTHoro 1MsB ¢nloeHca HEUTPOHOB No

nospexxaeHuam kpemuua Al =

DV

rae: o, — TOKOBAA KOHCTAHTa NOBPEXAEHUI KpeMHUA paBHaeTca 5x10717 A/cm, npu
+20°C gna HENTPOHOB C aHepruert 1 MaB 1 pusmnyeckn ozHayaeT npupalleHme ToKa B
KpeMHUeBOM aeTekTope ob6bemom 1cm3 oT npoxoXkaeHua ogHoro HelTpoHa (1 MaB),

d,cm2 -

dntoeHc HelTpoHoB, V, cm3 — ob6bem aeTekTopa.
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