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KomnoHoeka Proton Arm Spectrometer (PAS)
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O6wwmii sua nepsoii STW (X1 - koopauHara)




OcCHOBHbIE XapaKTepuUCTUKU YeTtbIpex

Straw Tube Wall (STW)

STW Buemnune Aneprypa Straw tube Straw KonuuectBo Uneo Yucmo
. pa3mepnl 3 JIAAMETD, straw . HV
station [mm?] Marepuai npeaycrinTeneit
[mm] mm (max) BBOJIOB
Kapton
X1 2000j1000 (wall thickness 10 610 39
-60mkm)
Aluminum
Y1 250004]1000 | (wall thickness 10 310 20
-300mkm)
Aluminum
X2 25000¥]1000 | (wall thickness 10 760 48
-300mkm)
Aluminum
Y2 2611[¥]1092[%] | 2500[%]1000 (wall thickness 10 310 20
104 -300mkm)
Totally 1990 127 27

Kapton tubes. First plane measures the X1 coordinate introducing minimal straggling.

Aluminum tubes. Although the angular straggling introduced by these tubes is significantly
higher compared to the thin Kapton tubes their contribution in the dispersive angular
measurement is negligible since they are placed at the end of the track.




OnucarHue Straw Tube

Figure 5.11.: Schematic drawing of a straw tube wound with two Kapton ribbons
and an intermediate aluminized layer.

The first STW (X1 plane) uses the high-pressure thin-wall
straw tubes designed at JINR (Joint Institute for Nuclear
Research, Dubna)

[High-Pressure Thin-Wall Drift Tubes, V.I. Davkov, K.I.
Davkov, V.V. Malkovskiy and V.D. Poshekhonov, Nuclear
Figure 5.12.: Time dependence of the pressure of the straw-tube-filling gaseous experimental technique, 2008, V0151, NO.6, hh787-791]

mixture.
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MexaHuuyeckue napametpor Straw tubes
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Time instability of the length of the straw tube at fixed pressures of
(1) 4Bar and (2) 1Bar.
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Elongation of a 1.55-m-long straw tube as a function of the differential
pressure of the gaseous mixture: (1) without and (2) with strengthened
walls of the straw tube.
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Radius of straw tubes as a function of differential pressure
of the tube-filling gaseous mixture: (1) ordinary straw tube
and (2) straw tube strengthened with carbon filaments



PaaunaumoHHsre anuHer. Matepuan

) dE/dX, Xo
Element Particle type [MeV/mm] [mm] X/X,
Proton 0.315 8.19x10% | 1.46x10*
Straw tube [¥]- particles 2.560 101 1.19x10-3
material Li ions 8.594 30.1 3.99x10-3
B ions 33.284 7.76 1.55%102
Anode wire Proton 2.565 101 1.79x104
Gas mixture
Ar-CO,-CF, Proton 4.613x1073 5.6x10* 2.48x104
(at 1 Bar)
Total X/X, of one straw [%] Proton 0.057 [%]
Total X/X, of STW(X1) [ %] 0.172 [%]

Mean thickness in radiation lengths of the different straw tube components for the protons,
a- particles, Li and B ions with the energy of 700 MeV for one straw tube and for STW.

Braaa marepuasia nepsod STW He npeBbinaer 0,2% oT noj1HOM pagualMOHHON JJIUHbI.

It was evaluated by using SRIM@2011 program.



BrivsaHue marHutHoro nonsa Ha paboty
NPOTOHHOrO CMNeKTpomeTpa.

1000000 ¢

Anode wire i ‘ ‘

surface CTPYKTYPG
3N1eKTpuyecKkoro nons
BHYTpU straw

100000

:ﬁ\valanche zone

10000 3 i|[

e TT—

E, V/cm

1000 +4

Electrons drift

e EE—
00 i Space

- i

[ l\ Cathode

3 } wall
10 lé

0 1000 2000 3000 4000 5000

Distance fromthe wire X, um

/”\"g e Delween v anda VS |
Cos: CF, 10%, CO, 30%. Ar 60%, T=296 K, p=1 2
B= 0016158 0 < angle(E,B) < 90 deg 4 step 8
wn
O O0.7F% ‘:‘
o0-65 | Py
J 4700mkm 300mkm 8
> 0.6) \ S
" i »la ol =
il Ll | > ':
'») 0.55 1 1 )
c o. | 1 8
= 0.4 1 3
: y 1 1 g
O 0.4 MaxkcuManbHbIH yroia I 1
© ®
T 0.5 e | e e - - — - 1
) | 1
S 0.3 -
~ //“ 1 |
- . <
/{\\\(/ R 1 !
! \ . S 1 1
,K M / \\ N I
y
0.1 \,"’ p— \ \I
r\\ / W\
0.1 / \ \
-
. )&\< \
|
Cathode - :\>‘S/7; ol Surface of
wall e e anode wire
. 1. - :
2 )»5 J/ S
(o} 1€ 10
V/cml

The path lengths of the electrons moving from its particle track to anode wire in crossed electric and magnetic fields is
increased in compared with the case of the lack of a magnetic field. This causes changes in space/time (X-T) base relation
and, consequently, can cause errors in determining of the particle coordinates in the detector.

Average angle between the velocity vector and the vector of the electric drift field is about 0.359. This corresponds to an
error in the determination of particle coordinates — He npeBblIlIaeT HECKOJIbLKUX MUKPOH.

BnusaHuem marHuTHOro nons Ha paboume XapakTepucTUkU straw MOXHO MONHOCTLIO NpeHebpeusb.




Subsystems

Readout
High voltage
Low voltage
Gas system
Cabling
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TTpupertexkropHas u peructpupyrowas
3NeKTpPOHUKa

ADI16-S - 16-channel Amplifier/
Discriminator (Digitizer).
It is located on the detector.
AD16: 100(W)*160(L)*T(12)

- Pulse discrimination with a
peaking time of 30 ns.
- Minimum threshold of 7 fC;

CCBI16 - 16-channel Concentrator. It - Double pulse resolution of 80 ns,
is located either on the detector or - Power dissipation of about
very close to the detector. 35 mW/channel;
CCBI16: 140(W)*180(L)*T(12) - Operational threshold <15 fC

Coordinate-readout-system (CROS-3) electronics family
developed at PNPT,



Cuctema raszoobecneveHusa PAS
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The PAS gas supply system is equipped by the slow control system that performs remote control of
the gas flow parameters, with the possibility to switch to manual/local operation.
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OcHoBHbIe napameTpsl
“Proton Arm Spectrometer”

PAS parameters
Yrnoson 3axeaT PAS

AnepTypa OETEKTOPOB

[paHynapHocCTL (anameTp straw)
[lpocTpaHCcTBEHHOE pa3peLleHne
YrnoBoe paspelleHue

N36bITOYHOE AaBNEHNE ra30BOMN CMECU
QP PEKTUBHOCTb

KonnyecTtBo kaHanos (straw)

MakcumanbHas 3arpyska Ha straw

Value

+80 mrad
(gap of the dipole magnet)

1000%x2500 Mm
10 mm
<200 pm
< 0.2 mrad
1 Bar (pa6ora s sakyyme)
= 95%
1990
< 1x10°s™1,



AOBaHUE




Hosbiu meton
BOCCTAQHOBEeHUS

COCTApPeHHbIX GHOAHLIX
NPOBONOYEK B
AeTeKTopax




| CtapeHue ¢ KpeMHuem

TectoBbif 0.10%
Tepyernx

3oHa 06 Tydern
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70%Ar +30%C0,

JKcnepuMmeHTaNbHaA YCTaHOBKa.
MpoAays cmecu uepes Tpy6Ky ¢
repmeTMKom => 6bICTpOe CTapeHue.
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O6pasey N2l - He BoccTaHaBAMBancA

Derpapauua
Kry 265%
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70%Ar+30%C0, ==0 Kn/cm
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BocctaHoBNeHUe 2aauuHbl KI'Y

FasoBoe ycuneHue oTH. eg.
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Berisoaer

1. IIpensioxkeH, pa3padoTaH M YCHENIHO HCIIBITAH METOJ BOCCTAHOBJICHHS
COCTAPEHHBIX AHOAHBIX NMPOBOJIOYEK HA OCHOBE TPEHHPOBKH B KOPOHHOM

paspsiae B razoBoi cMecu 80%CF4 + 20%CO2.

2. Metoa mo3BoJisieT yIajafiTh ¢ NOBEPXHOCTH AHOAHBIX MPOBOJIOYEK
MOJJUMEPHbIE 0CATKH U3 OKHUCJI0B KPeMHHMsI, 00pPa30BABIINXCHA B pe3yJbrare

nmpoiecca cTapeHusl.

3. IlpennoxeHHasi METOAUKA MMeeT NPUHIMIIUAJIbHbIE IPEUMYIIIECTBA:
- BOCCTAHABJHBAaET PA00TOCIIOCOOHOCTD JIeTeKTOpAa 0e3 ero pa3oopku;
- SIBJSIETCS aKTYaJbHOM JJIsl BCeX CJIyYaeB CTApPeHHus, Ijie MPpou301Li0
yBeJIMYeHHe JUAMeTPA AHOXHOI MPOBOJIOYKH 32 CHeT 00pa30BaAHUA
MOJJUMEPHBIX 0CAKOB.



BocctaHoBNneHue

cocTapeHHbIX obnacreu
KaTOAOB B AeTeKTopax

LHCb (CERN)
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M5R4#22C , GapB

Curing process of CMB M5R4#22C
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YcTorumebIi ManbTep-3q@eKT 6611 06HapyxeH B kamepe (GAP B).

-TpeHUpoBKa B CTAHAAPTHOW rA30BOM CMeCU B TedeHUU 6 YacoB apgpeKTa He aana.
-TpeHupoBka B ¢ AobaBreHMem B CTAHAAPTHYHO Fas3oByro cmecb 2% kucnopoaa ybpana
ManbTep-3p@eKkT B TeyeHUu 4-x 4acos.







Macc-cnekmpomemp 051151 ombéopa KOHCMPYKUUOHHbIX
Mamepuasioe demeKmopoe Yyacmudy.

Bbi6Gop MaTepuanos H
KOHCTPYKLUU AABNsieTCA T
BaXXHbIM 3Tanom B paboTe no [
CO34aHUI0 HEUTPOHHbIX
AEeTEeKTOPOB, T. K. OHU UMEIOT
3aMKHYTbIN OOBbEM.
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OT60p MaTepuanos,
rapaHTUpPYHLMNA HU3KUNA
YPOBEHb ra3oBbifefieHuns.
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PaAuaAlMOHHOM
CTOMKOCTH JIeTEKTOpa




Mass-spectrometer

Bbubaunorteka
macc-cnekTpos (NIST,
WILEY, HUWOX CO

PAH) I:I::> 3

KomHaTtHaa Temnepartypa

T, °C

/1
\]

MOHHbIN TOK HEKOTOPbIX Macc
pacTteT npu HarpeBaHuun!

mle = 2, 18, 28, 29, 32, 44..........




Macc-cneKTpomepr-leCKoe nccnegoBaHme INeMeHTOB JJIEKTPOHUKHA

T=100°C KoHaeHcaTopbr T=120°C
S 2 S
I,A 1-00E-10 | A 1-00E-10
——1 ’
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0000000900 0 0
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U3 getanbHOro aHanusa CneKTpoB Macc NMpu pasfnMyHbIX Temnepartypax (ot KomHaTHou Ao 120°C)
ObINO BbIACHEHO, YTO KOHAEHCcAaTopPbl KHEe FAa3AT» npu HarpeBe. Ha cnekTpax npMcyTCTBYHOT MaccChbl

3neMeHTOB cooTBeTCTBYHOLWMUX atmocdepe (Hz, Oz, H20, CO:).

BbiBoa. B cny4yae TpeHnpoBku getektopa npu 100+120 °C razoBblgenieHUs1 U3 KOHAEHCaTOPOB He

npousonger.




Macc-cneKTpomeTqueCKoe nccnegoBaHme 3INeMeHTOB JJIEKTPOHUKU

T=100°C KaTywKn MHAYKTUBHOCTU T=120°C
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U3 getanbHOro aHanusa CneKTpoB Macc NMpu pasfnMyHbIX Temnepartypax (ot KomHaTHou Ao 120°C)
ObINIO BbIACHEHO, YTO KaTyLIKW MHOYKTUBHOCTU «KHE ra3daT» npu HarpeBe. Ha cnektpax

NPUCYTCTBYIOT MacCbl 3IeMEHTOB COOTBeTCTBYHOLWMX atMmocdepe (Hz, Oz, H20, CO2).
BbiBoa. B cny4yae TpeHnpoBku getektopa npu 100+120 °C razoBblgenieHUs1 U3 KOHAEHCaTOPOB He

npousonger.




PesynbTaTtel uccnenosaHua matepuanos ANS U3roTOBMEHUSA 3NeKTpPOAOB
AeTeKTOpOB Npu TemnepaType OT KOMHaTHoM Ao 120°C

dTopomiact

KBapueBoe cTekJio CrekJI0IIACTUK . Tpyoxu
(poabrupoBaHHBIN
(Hep:xaBerOUIAs
CTaJIb)
P[%]10-8 mBar P[%]10-8 mBar P[%]10-8 mBar P[%]10-8 mBar
O6HapyKeHbl: OGHapyXeHbl: OGHapyXeHbl: OGHapyXeHbl:
Bo3ayx (H2 ,02, CO2) Bo3ayx (H2 ,02, CO2, Ar); Bo3ayx (H2 ,02, CO2,Ar); Boz3ayx (H2 ,02, CO2);
Boaa (H20) Boaa (H20) ; Bopa (H20); Boaa (H20) ;
CxHy F2; CxHy F2; CxHy

NOHHbIWN TOK

npumecen
meHee 10-1°A

NMpumecewn Her.
AOcCoOnTHO
YUCTbIN
MaTepuan

MNOHHbIN TOK

npumecen
oonee 10-11A

MHoro npumecem.
C pocTtom
TemMmnepartypbl UXx
KOJIn4eCcTBO
HapacTaer.

Ucnonb3oBaTb He
pekomeHAayeTcs

MNOHHbIN TOK

npumecen
oonee 10-11A

MHoro npumecen.
C pocTtom
TemMmnepartypbl UXx
KONMU4ecTBO HapacTaer.

Ncnonb3o0oBaTb He
pekomeHayeTcs

MOHHbLIN TOK
npumecen
meHee 10-13A

Npumecen mano.
Manorasswuun
MaTepuan




UccnenosaHua ynnoTtHUTENbHLIX MATEPUANOB ANS U3rOTOBIEHUS
AeTeKTOpOB NpU TemnepaType OT KOMHaTHOU Ao 100°C

ButoH Torr Seal
(ynnoTHUTeNnbHOE KOJbLO) (BaKyyMHbIN Krnewn)
P [¥] 10" mBar P (] 10" mBar
OGHapyXeHbl: OGHapyXeHbl:
Bo3ayx (H2 ,02, CO2); Bo3ayx (H2 ,02, CO2);
Boaa (H20); Boaa (H20);
F2; CxHy; C3H30H
NoHHbIN TOK Npumeceis NoHHbIN TOK Npumeceis
MeHee 10-13A MeHee 10-13A
NMpumecen o4yeHb Mano. NMpumecen mano.
YUucTtbin maTepuan Manorasawuun matepuan
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[leTeKTop yAbTpa-XoN04HbIX
HeﬁTpOHOB (ana A.MN.Cepebposa)
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[eTeKTopbl ANA SKCNePUMEHTa/IbHbIX YCTAaHOBOK
peakTtopa MUK

1. buina paspaboraHa «KoHuenuua cospaHus neTekTtopoe Ans
3KCNEepUMEHTAsbHLIX YCTaHOBOK peaktopa TTUK>» Ha 6ase aHanusa

Muposbix TeHAeHUUA B 06N1aCTU CO3AAHUSA HEUTPOHHBLIX AETEKTOPOB.

1.1. Mupoeoe HeUTpoHHOe co0bLLecTBO NO-npexHeMy paccmaTpueaeT rasopaspsgHeie He-3
AeTeKTopbI, Kak 6a3oBoe HanpaeneHue passUTUA Ha nNocneayrowme Kak MmuHumym 10 ner.

1.2. 370 cBA3GHO C BLIAGHOWUMCA COYETaHUEM XAPaKTepUCTUK AeTeKTOpPOB, UCMONb3yHOWUX
He-3 B ka4yecTBe KOHBEpTOpPOB HEUTPOHOB, YTO U OMNpeAenIUIO UCTOPUYECKYHO
OpPUEHTUPOBAHHOCTL HEUTPOHHLIX LIEHTPOB Ha NpUMeHeHUe NOAOGHLIX AeTeKTOpoB B
3KCNEepUMEHTANbHLIX YCTAHOBKAX.

1.3. YHuKanbHO coveTaHue BLICOKOU 3(PPEeKTUBHOCTU perucTpaumum HeUMTpOHOB U HU3KOMU
UYyBCTBUTENIBHOCTU K FGMMA-(POHY.

1.4. Tlepexoa Ha apyrue, passuBaembie ceroaHsa B EBpone aertektopHble TexHonoruwu,
UMelolme B cBOeU ocHose KoHeepTopbl 7Li u 10B, B 3HauuTenbHoU creneHu Hocut
BbIHYXAEHHBLIA XapaKTep, U UMeeT CBOeiA Lenblo yAeleBuTb npubopbl, OTKA3aBWMUCH OT
npumeHeHua He-3 8 aetektopax 6onbworo obbema.

1.5. TTpensaputenbHaa knaccugUKaumUs AeTeKTopos HEUTPOHOB, KOTopbie byayT
WUCNONb30BAHLI HA 3KCMEepUMEHTAsNbHLIX ycTaHoekax peaktopa TTMK, nokasana uro aons

ra3sopaspsaaHLIX AeTeKTOpOB COCTaBUT Tam OKONo 75%.



[leTeKTOpbl TENN10BbIX HEUTPOHOB

Pa3spabotka u cospaHue 2D-MOHUTOPOB HEUTPOHHLIX MYYKOB ANS
BBICOKO-MOTOYHBLIX PeaKTOpOB:

1. FoToBa KOHCTPYKTOpPCKAsS AOKYyMeHTaLms.

2. MbI roToBbI Ha4aTh MPAKTUYECKYHO peanusauuio npoekTa.
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