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O00 «M3J13 PI3Y» 3aHUMaETCHA pa3paboTkomn
N CEPUNHBIM BbIMYCKOM PasfinyHbIX TUNOB PJY,
Kak NoporoBbIX, UMEIOLLMX BbICOKYHO
YYBCTBUTENBLHOCTb U CKOPOCTb CYETA UMMYJILCOB,
TaK U CNEKTPOMETPUYECKUX, OBrnaaatoLLmnx
HU3KWUM YPOBHEM LUYMa U OTSINYHBIM
SHEPreTU4YECKNM paspeLLIEHNEM U
NPOVU3BOACTBOM 3MEKTPOHHO-ONTUYECKNX
npeobpasoBatenen (30Il1oB) 2-ro, 2+ n 3-ro
NOKOJIEHUN.



DOTOANEKTPOHHBbIE YMHOXUTENN (PIY),
NPUMEHsSEMblE B KAYeCTBE (POTONMPUEMHUKOB,
aKkTyanbHbl 1 NO HacTosLwee Bpem4. Lnpokoe
NPUMEHEHNE CUNHTUNMALMNOHHBIX OfTOKOB
OeTekTupoBaHUa Anst PuU3nKn BeICOKUX
SHeprun, acTtpodunsnkn, cuctem 6esonacHoCTu
N MEANLIMHCKON ONarHOCTUKN TPEODYIOT
b6onbLoro pasHoobpasus TUrNoB
dOTO3NEKTPOHHBLIX YMHOXUTENEN, KaK Mo
rabapurtam, Tak 1 rno napamMmeTpam.




OpHon 13 nocnegHux paspabotok M3J13a senseTcs
®JOY npeanHasHadeHHbIW ANg perucrpauunm

HaHOCEKYHOHbIX CBETOBbIX UMIMYJIbCOB,
reHepupyemMbiX HEUTPUHO B P& :
OeTekTopa rnyoboKoBOAHONC
no npoekty KM3Net . [
BbIMOSIHEH B CTEKIT000C
nnowagn oToKaToAE
paguycoMm ero KpmBu
AnvHa 6e3 WTbIpbKOo
rOpNoBUHbI 52 MM.




«M3IAN3 ®IAY»

(bOTO').’lC KTPOHHBIC YMHOKHTCIH
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KM3Net PMT. KM3Net PMT.

Linearity on anode current in Angle dependence of collection

the pulses of 20 ns width efficiency of photoelectrons
(Bayarto Lubsandorzhiev data)
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Blue circles — the standard divider, red Black points — the dependence
circle — the tuned divider. corresponded to a line of the cross

section in parallel to a direction of the
first dynode length, circles — the
dependence corresponded to a line of
the cross section in perpendicular to this
direction.



KM3Net PMT. KM3Net PMT.
Angle dependence of SINGLE PHOTOELECTRON TIME

photoelectron time of flight JITTER.
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Black points — the dependence
corresponded to a line of the cross section in
parallel to a direction of the first dynode
length, circles — corresponded to a line of
the cross section in perpendicular to this
direction.



KM3Net PMT.

Single photoelectron spectrum.
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CONCLUSION:

Designed KM3Net PMT suits
to requirements of the
experiment.

TASKS FOR THE NEAR
FUTURE:

1. To improve single
photoelectron spectrum.

2. To Increase an output of the

of PMT’s with the required
photocathode sensitivity.



The PMT’s with

y W

Photo of scimhe PMT
FEU KF introduc e the scintillator body.



The PMT’s with cylindrical photocathodes.

A few samples of PMT FEU KF were made before a termination of the ISTC
project. Average on perimeter photocathode blue sensitivity of one from first
samples is shown below.
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Dependence of blue sensitivity of the FEU KF photocathode on
longitudinal coordinate.

At average on all square of photocathode blue sensitivity was near 30mA/W, Registration efficiency of
gamma quanta by scintillating counter of 50x200x1000mm? with that PMT and PMT FEU 184 (blue
sensitivity 120mA/W) was equal practically. Therefore, at an increase of the blue sensitivity of PMT
FEU KF to 120mA/W it is necessary to expect at least the fivefold increase in a quantity of
photoelectrons at registration of gamma quanta.



[MpenctaBnaeT uHTepec ang norpedbutens IY-86Y c
3annTbiM KOMMayHAOM OENUTENEM HarnpsiKeHUs.
MimeeT anametp potokatoaa 16 mm npu
MaKcUMaribHOM gMameTpe 22 MM U Macce He bornee
50r. CBeTOBOM 3KBMBArEHT LUyMa TEMHOBOIO TOKa
aHoga coctasndeT He bonee 5x10 13 nm/Tul/2, a
CKOPOCTb CYETA TEMHOBbIX UMMYNbLCOB Ha YPOBHE
OOHO3MNMEKTPOHHOro nuka He bonee 300 1/c, 4To no
BCEW COBOKYMNHOCTM NapamMeTpoB
no3sondeT cuntatb PIAY-86Y

Ny4yLlnM rnoporoBbiM POTOYMHOXKI-
Tenem Bbinyckarowmnmes B Poccun.
AKTUBHO NCMNOSb3YyETCHA B NopTaTu-
BHOW annapartype KOHTPOSIA BO3-
OYLWHON cpeabl B 3aKpbITbIX NOMe-
LLIEHUSAX.




Photomultiplier Tube

MELZ FEU

Photomultiplier Tubes Manufacturer FEU ] 86”

Photomultiplier Tube with 20 mm diameter, 10-stage Box-and-Grid Type,
Head-on Sb-Cs Photocathode, Built-in Divider and Magnetic Shield

GENERAL
Application: scintillation counters and threshold light measurement

Photocathode material Sb-Cs
Photocathode diameter, mm

Window material UT-49 glass

| Opticalinput | Head-on
Box and grid focusing type
Sb-Cs

Wavelength of maximum response, nm

[ Design 0000000

MAIN PARAMETERS at 25 C
]
Luminous photocathode sensitivity, uA/Im

glass with flexible wires

—
[ = —_

a

| Min. | ]
|60 |
Spectral photocathode sensitivity of
photocathode at 410 nm, mA/W n 75
| Luminous anode sensitivity, Aflm [ - |
Supply voltage, V, max -
at anode sensitivity 100 A/Im 800
Dark anode current after 30 min storage in
darkness, nA, at voltage corresponding to -
anode sensitivity 100 A/Im
(Gain 0000 - |
Number of dark current pulses/second after 30 -
min storage in darkness
| Electron transit tme,ns [ - ]

LIMITING VALUES
Maximum supply voltage with the reference to
Ug, at sensitivity 100 A/lm, not more than 5 min

Anode current, mA

Operating temperature, °C

#Dimensions in millimeters




Takke WMPOKO NCNonb3yTca POTOYMHOXUTENN C AUAaMETPOM
konobl 30 MM (gMameTp dpoTokatoga 25 Mm), ato PIY-856 u
d3Y-115M8. Nx obuien ocober e
buLenovHoro potokatoaa
9HEepreTNYECKNe XxapaKkTe
NMEET Hanps>KeHne
4YyBCTBUTENBHOCTH
He 6onee 1000 B.
Nal (Tl) 25x25 m
9KBMBANEHT CobC
noTpedunTens Mc
3anuTbiM KOMMa
kKonbel 30 MMm.




“MELZ FEU”

PMT manufactures

PMT with end optical input:
diameter up to 30 mm

GENERAL

The PMT has been designed to work in scintillation counters and
spectromelric devices.

Photocathode material Sb-K-Cs

Photocathode diameter, mm 25

Window material C95-2 glass

Optical input

Dynode assemble

Dynode material

Number of dynodes

Design glass, with rigid pins

Working position any

Bulb diameter, mm, max 30

Seated height, mm, max 20

Weight, g, max 50

BASE PARAMETERS

Photocathode sensitivity, A/Im

Supply voltage, V, max
at anode sensitivity 10 A/lm
at anode sensitivity 100 A/im

Dark anode current, A

at voltage corresponding

to anode sensitivity 10 A/Im
to anode sensitivity 100 A/lm

Energy resolution for ’Cs, %

Energy equivalent of inherent noise, keV
at 25 0C

Lifetime, h
at 25 0C

LIMITATION

Supply voltage, V
Usa — veoltage corresponding to anode
sensitivity 100 A/lm

“MELZ FEU”

PMT manufactures

tel./fax: (499) 995-02-33
WWW: www.melz-feu.ru
E-mail: info@melz-feu.ru




dIY-115M8 npnmeHsieTcsa B noptanax 6onbLion nnowaan ans
0OHapyXeHnsa paanoakTUBHbIX OOBLEKTOB B TPAHCMOPTHbIX
notokax. Npn anametpe konodel B 30 MM 1 NOcago4HOW ANMHE He
bonee 67 MM, nMeeT maccy He bonee 50 r nu paboynn guametp
dooTokaTo4a He MeHee 25 MM, YTO MC
cobupaTb CBET C 60SIbLLIOro O0LE
ONTUYECKOro BOSIOKHa Ha o
HanpsxeHnn 1300-1400 B
COBCTBEHHBIX LLYMOB He €
paspeLlleHne ¢ KpucTansic
6onee 10%. Kpome Toro
BblMyCKaBLUMMCH ApPYrn
T.K. MO CPaBHEHMUIO C HU
CneKTpanbHOM YyBCTBUT
5x10-2 A/BT 1 MEHbLUUM [




Photomultiplier Tube
MELZ FEU
Photomultiplier Tubes Manufacturer FEU — 1 1 5M8

Photomultiplier Tube with 30 mm diameter, 8-stage Linear-Focusing Type,
Head-on Multialkali Photocathode

Application: spectrometric devices in visible and close IR zones

Photocathode material
Photocathode diameter, mm ]
Window material
Optical input
Dynode assembl
Dynode material
Number of dynodes

25

8 |

pectral response, nm
Wavelength of maximum response, nm
Working position
Bulb diameter, mm, max
Bulb height without pins, mm, max
| 50 |

Weight, g, max

MAIN PARAMETERS at 25 °C
[ Min. | Typ. | Max. |
Luminous photocathode sensitivity, jA/Im 90 | 100 |

Spectral photocathode sensitivity of ---
photocathode at 410 nm, mA 50 70

Lurninous anode sensitivity, A/Im | - | - [ 30 |

T I P
at anode sensitivity 30 A/lm

Dark anode current after 30 min storage in

darkness, nA, at voltage corresponding to

anode sensitivity 30 A/lm 30
[Gain 000000 - |10 ] - |

Gain
| Anode pulserisetime,ns | - | 3 | - |
| Electron transittme,ns | - | 3 | - |
| Energy resolution for *'Cs, NaJ(T@25x25mm, % | - | 8 | 9 | *Dimensions in millimeters
| Energy equivalent of inherentnoise, ke~~~ | - [ 2 | 6 |
[MTBF, hours | 2000 |

MTBF, hours

LIMITING VALUES
Maximum supply voltage with the reference to
5 at sensitivity 100 A/lm

Operating temperature, °C -60...+60




Henb3s He oTMeTuTb 1 ®IY-184, KOTOpbIN YK€ MHOro fieT narotasnmeaet M3J13
N Ha 6ase KOToporo paspaboTtaHbl MHOrMe ero moandukaunn. P3IY-184 nmeer
anamMeTp Konbbl 52 MM, pabounin guametp potokaroga 46 MM, NOCagouHYHO
onnHy 110 mm 1 maccy He 6onee 120 r. [lpn cBeTOBOM aHOAHOW YYBCTBUTENLHOCTU
10 A/nm ero paboyee HanpsikeHne cocTaBnsieT He bonee 1350 B, a TunoBoe
3Ha4yeHue

650-750 B, aHepreTndeckoe paspeweHune ¢ kpuctannom Nal (T1)40x40 mm, no
137Cs — He meHee 7%, no °>’Co — He meHee 9,6% (TunoBoe 3HaveHue 8,4 - 8,8%),
9HEepPreTMYeCcKMin KBMBArEHT COOCTBEHHBIX LLYMOB HEe bonee 3 kaB (TunoBoe
3HayeHue 0,7 kaB). Takne xxe napameTpbl UMEET U TPEXAONMOBbLIN
dbotoymHoXutenb P33Y-184T[. Kpome Toro paspaboraH BapnaHT B TEPMOCTONKOM
ncnonHeHnn O3JY-184T, paboTocnocobHbIN Npu
Temrnepatype okpyxatowlen cpeabl Ao 150°C,
NMEIOLLNN NpU yKa3saHHOW TeMneparype
9HEepPreTUYeCcKUm SKBUBaANEHT COOCTBEHHbLIX LLUYMOB
He bonee 40 k3B, 1 yxoq aHOAHOM YYBCTBUTESNIBHOCTU
He bonee 50%.




Photomultiplier Tube
MELZ FEU

Photomultiplier Tubes Manufacturer FEU - 184

Photomultiplier Tube with 52 mm diameter, 10-stage Box-&-line-Focusing Type,
Head-on Bi-alkali Photocathode, y-ray Detector.

Application: scintillation counter, especially for y-ray chambers

Photocathode material Sb-K- Cs
Photocathode diameter, mm
Window material C-52-1 glass
Head-on
Box 3 & line 7

Dynode assembl
Dynode material
Number of dynodes
300-650

i 1%]

Wavelength of maximum response, nm
glass, with rigid pins

[ 52 |

Luminous anode sensitivity, A/Im

Supply voltage, V, max

at anode sensitivity 10 A/Im

Dark anode current after 30 min storage in
darkness, nA, at voltage corresponding to
anode sensitivity 10 A/Im

|Gain |
Anode pulse rise time, ns | -1z 1 - |
Electron transit time, ns | - ] 50 | - |
Energy resolution for **’Cs,NaJ(T1)@40x40, %
%7Co,Na)(T)@40x40,%
Energy equivalent of inherent noise, keV | - o7z [ 3 |
[ MTBF hours | 1000 |

—» 11
LIMITING VALUES
Maximum supply voltage with the reference to C=33pF R<=1MOm
Ug, at sensitivity 10 A/Im

[Anodecurrent mA [ 0002 | . .
. o1 atin t&'n ol atl]re oc mensions i mithmeters




OO0 «M3J13 PIY» TakKe CEPUNHO BbINMYCKaEeT
TepmocTonkmne ®IY anamerpom 20 n 30 mm C
pabounmun TemnepaTtypamun 3K Tauun 120, 150 n
200 °C (P3JY-102-1, ®3 -14A-1,
PIY-158 n PIY-158-







