icnonb3oBaHue nsnyyeHna BaBunoesa-YepeHkoBa B
asporene OMokcuaa KpeMHuUa anga permctpauunm
9NeMeHTapHbIX YacTull

E.A. KpaB4eHko,

NAD® CO PAH um. I Bydkepa, Hosocubupck, Poccusi
HUWY HI'Y, Hosocubupck, Poccusi



CemuHap nocssweH 110-netuio
CO OHA pOXAEeHUS
1.A.YepeHkoBa n 80-neTuto
OTKPbITUA U3NYyYEeHUS
BaBunoBa-YepeHKoBa

02.12.14 Cemunap @O HI'Y



* YepeHKoBCKOE n3ny4vyeHne n ero 0COOEHHOCTH.

* YTO Takoe asporenb?

* A3porenesble Noporosblie HepeHKOBCKUE
CYETUYUKN.

* [leTeKkTOopbl YepeHKOBCKNX Konew, C
asporeneBbiMU pagnaTopamu.

« [leTekTopbl YacTuL, C PEKOPAHbIM BPEMEHHbIM
pa3peLLleHneM.

e 3akno4vyeHume

02.12.14 Cemunap @O HI'Y



YepeHKOBCKOE Usny4veHue u ero

OCOOEHHOCTH

« HanpasneHue nsny4veHus [on oTkpbITUs: 1934
dOTOHOB N MHTEHCUBHOCTb
N3Ny4YeHns SBNsTCS .
dyHKUNAMN CKOPOCTU N0 _— 2, v >cln

yacTuubl. e

 KBapgpatundHag
3aBNCMMOCTb ,
WHTEHCUBHOCTU OT 3apgana cosd =—, p=-—
np C

YyacTuubl

n Y

e MrHoBeHHasa BCnblLLUKa

 Hunskasd NHTEHCUBHOCTb dxdﬂz N2

02.12.14 Cemunap @O HI'Y
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Y10 TaKkoe asaporenb? (1)

OT1kpbIT CTBEHOM Knctnepom B
1931 .

S.S.Kistler, "Coherent Expanded
Aerogels and Jellies”, Nature,
1931,vol. 127, p. 741

A3porerb — 3TO NOPUCTOE BELLECTBO C pasMepomMm rnop
MeHbLLE ASIMHbI BOMHbI BUOMMOIO CBETA,
HaHomaTepuan.

Haunbonee LUMpoKo pacnpocTpaHeHbl a3porenm
AVOKCUOA KpeMHUSA, XOTS OblBalOT a3poreny Ha OCHoBe
OKCWJOB METAIIOB, Yrnepoaa, XXenaTuHa.

02.12.14 Cemunap @O HI'Y




YT0 Takoe asporenb?(2)

MeToa npounsBoacTea: CBowncTBa asporens:
« CwHTE3 ankorens:  [InoTtHocTb oT 0.003 go

3
Si(OR), + 2H,0 => SIO, + 4HOR 1.0 r/cm® (nmomHocme

Keapua 2.2 )
ankokcug Boda KpeMHE3eM CrnvpTt ONTUYECKM OAHOPOEH,
o (CBepxKkpuTnyeckas cylLluKa B n =1+ 0.2 p[r/cm3] =>
aBTOKNnaBe Ans ygarneHus cnupra
P..,=100 atm., t .= 260°C (n=1.0006 = 1.2)
(n3onponaHon P_=53 aTm., * [lopuctoctb 4o 99.8%
t.,.=235°C) e BHYTpeHHASa NOBEPXHOCTb
no 800 m?/r

02.12.14 Cemunap @O HI'Y



UTobbl onpeaennTb TUN POXAEHHOW

YaCTuUubl HAAO 3HATb €€ UMIYJIbC U

CKOPOCTb:
« P.=0.3-B[T]'R[m]
 P=McBy

Kak onpegenntb CKOPOCTb?

_ zoom |
_ UnZoom |
« To4HO M3MepuUTb Bpemsa nponeta :

Top View
Side View
Front View

All Views

* |/|3MepI/ITb MNIIOTHOCTb MOHN3aUuUn

* C nomoLblo YEPEHKOBCKOIO
cYeT4mMKa

02.12.14

Cemunap @O HI'Y

Run: 3542 E=1847.3 MeV H=0.0 kGs Raw event=61249 Event=254 Nerr=1



Aj3poreneBble NoporoBble

YepeHKoBCKUe cyeTuyuku(1)

Npentudukanusa n© u K-Mme30HOB

B IIOPOTOBOM CUETUYMKE: Eost
0.8—

1 -

~ — 0.7—

) ICh 1 nZBZ 0.6
mc 0.55—

* P = Ny 0ac
0.3—

02t

04}

o_l 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
momentum, MeV/c

[a-HeT noeHtndomkaumns B obnactu
NMNYynbCcoB MeXAyY Py, (1) W Py, (K)
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Aj3poreneBble NoporoBble

YepeHKOBCKME cHeTUYUKN(2 )
* 10 P=600 M»sB/c n-n

K-Me30HbI

Pr, MaB/c | PK, MaBlc
nnentimumpyior o [ A

BPEMEHU POJIeTa 1 32  Keapu LSt
cyeT U3M Cp CHUS Bopa 1.33 159 563
®peoH 114, 1 atm. 1.0014 2640 9330
INIOTHOCTH HOHH3allUH. CO,, 1 atwm. 1.00043 4760 16800
° HY)KHO BEILIECTBO, B CO,, 10 atm. 1.0043 1500 5320
C,H,, 25 aTm. 1.02 600 2460

KOTOpOM Pyp.-(7) =
400--500 M»rB/c => M.Cantin, M.Casse, L.Koch et al.,

'Silica aerogels used as Cherenkov radiators',

n_l 035_1 06 | Nucl. Instr. and Meth. 118(1974)177-182

02.12.14 Cemunap @O HI'Y



OnTtuyeckue napameTpbl

asporens

[1nnHa pacceaHnsa ceeTa
B asporene B pas3bl
bonblue, Yem anuvHa
NOrnoLeHns

h

4

° L:A.e LSC(%)
Iy

* IIpu A=400 am

* L,.~45cm, L ~4-5Mm

02.12.14

Cemunap @O HI'Y
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ot Lo L b b b
200 300 400 500 600 700 800
wave!

length, nm

low limits T

I

® SAN-96-1.05
© SAN-96-1.008
0 SAN-01-1.13
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250 300 350 400 450 500 550
wavelength, nm
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Ondpdy3HbIn cBeTocbop. KoadmumeHT oTpaxeHnsa Ha cteHkax 98% (TedrioH)

Hetektop KELAP (1000 n., 2003-2013 r., NAD)
Hetexktop CHA (1000 n., 2005 r., UAD)

Hetektop TASSO (2000 n., 1980 r., l'epmaHus)
Hetektop Belle (2000 1., 1998 r., AnoHus)

Cemunap @O HI'Y
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Cuctema ALLULN® petektopa KELIP

02.12.14

160 c4eT4MKOB B 2 CINoOsX
* TenecHbln yron 96%
1000 nutpos asporens, n=1.05

« T1/K- pasgeneHune B gnanasoHe nmnynbcoB 0.6+1.5 aB/c
« CBeToCH0p C MOMOLLBIO CNEKTPOCMELLAIOLLNX NACTUH

* 160 ®3Y c MKT1, anmeTtp choTokatoga @18mm, paboTatoT B
CUNbHbIX MArHUTHbIX Nonax Ao 2T

Cemunap @O HI'Y



TecT Ha ny4ke cyeTyuka ALLULND

P, Pion Kaon reg. | Separation
GeV/c | supp. eff.
factor
0.86 | 900 94% | 4.7(
1.2 1300 90% 45(

A.Yu.Barnyakov et al. NIM A478 (2002) 353-356

26.02.14

INSTR14

0.1

0.08
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Misidentification

o
o
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0.02

P=1.2GeV/c
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v
v
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v
v
[l
]
]
¥
¥
v

Counter
——with blocks

------ with crumb
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___________
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Threshold, pe
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IleTeKTOp YepeHKOBCKUX KoneL,

OueBUIHO, YTO €CIU U3MEPUTH yTOJI
YEPEHKOBCKOT'O U3JIYYEHHUS, TO TOUHOCTh
OMPEEICHNS MACChl YaCTHUIIbI (UICHTUPUKAIINS)
OyJleT BblllIe, YEM B OPOTOBBIX CUCTUHUKAX.

CRID, nerextop SLD, CJIAK, CIIIA (C6F14
n=1.277, C5F12/N2 n=1.0017)

RICH, nerextop Delphi, IIEPH, IlIBeitnapus
(C5F12|C6F14, CAF10)

RICH, nerextop CLEOIII, Kopuenn, CIIA (LiF, °
n=1.50)

DIRC, nerextop BaBar, CJIAK, CIIA (SiO2, .
n=1.47)

A.Roberts, Nucl. Instrum. and Methods
9(1960)55

J.Seguinot and T.Y psilantis, Nucl.
Instrum. and Methods 142(1977)377
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[loyemy asporenb?

C yMeHbLLUEHMEM MNOKa3aTens
NPenoMnNeHna pacTteT pa3HOCTb
yrnoe YepeHKOBCKOro
N3Ny4YeHNs pasnnyHbIX YacTtul

=
<
N
|||‘

Asporenb obragaet

102 F

Quartz, n=1.47

Aerogel, n=1.05

£
S
S

HanMeHbLUEN Onucnepcuen

P
S
A

NOoKa3aTesid nperioMreHnd

4007

~
S
w
T
"4/

YnyuJlleHue paspeLleHns npu

index of refraction, relative units

~
S
[}
™

BbIGOPE BOMBLLIOMO NOKA3ATenNs =L "\

NMPENOMITEHNS 3a CYET
yBENMYEHNS Yymucra oTOHOB

1

0.99F

HeaHaunTenbHo (~ 1/VN, )
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[Tlpumepsbl RICH ¢ asporeneBbIMU

pagunatopamMmu(l)

Hermes RICH (,EI,E3I/I repMaHVIFI)

\\\ e Aerogel

Asporenb nponsBoactea Matsushita, n=1.03

02.12.14 Cemunap @O HI'Y



[lpumepbl RICH ¢ asporeneBbiMU

pagnaTopamu(2)

LHCb RICH1 (LEPH, LUBevuapwns)

Photon

Magnetic IS Detectors

Shield -
250 M@

Aerogel | \) e ‘;"1‘ " _Spherical
i o ' Mirror

CaF10 | ‘ .
H —f—H Beam pipe

VELO / )| /‘_J_"“'» Track
exit window ti] A %/
o/ g -y Carbon Fiber

Exit Window

Plane
Mirror

Photon Funnel
and MDCS

L 1 1 . Asporenb npoussoactea K/NAP CO PAH, n=1.03

0 100 200 z (cm)
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[lpumepbl RICH ¢ asporeneBbIMU
pagnatopamu(3)

)
- ~ v

Photormulliglion & Light Chades -

OcobeHHoCTb: n3mepeHyie Z! N,~Z?

Aaporens npoussoactea NK/NAD CO PAH,n=1.05

02.12.14 Cemunap @O HI'Y




3a4yeM HyXxeH «(PoKycupyrowmumn» asporenb?(1)

per photon

IIpu yBeJIHYEHUH TOJTIIUHBI 25|
paauaropa: 2|
*  YBEJMYHUBACTCH YHCJIO L5\
(pOoTOHOB, YTO NPUBOTUT K 1| 5 5
YMEHbIIEHHIO pa3penieHus mo o5k T N — I S L
yr‘]-ly (GG ~Glpe/\/h) > 0 s 2 thickness,i‘:m
° YBeJII/IlI]/IBaeTCﬂ meHHa Eﬂ ) e S T T Tt O
YePEHKOBCKOI0 KOJIbIa, YTO ° ':'; : per ring
“ -
NPUBOJAUT K YBEJIUYCHUIO osl
paspemrenns no yray (o~ h) 0ss|
0.5 -
0.45 |-
0.4 b | et Eaa T LT e Ry SRCey BERey SRR foeepeyre g egeaas [ qee e ep g | e
3 10 15 20 Z5 30
thickness, mm

April 5, 2006 Evgeniy Kravchenko, SNIC 2006 19



3ayeM HyXeH «(poKycupyroLwmn» asporenb?(2)

YMeHblUaeT BK1ag, OT TONLWMHBbI pagmnmatopa B TOYHOCTb MU3MEpPEHNA
YepeHKOBCKOro yrna.

T.lijima et al., NIM A548 (2005) 383
of1YyBarnyakov et al., NIM A553 (2005) 7@6MHHap DD HTY



HeTekTop HYepeHKOBCKUX Koriel Ha POKyCcUupylrowiem
alsporerne — cucrema naeHtndpumkaumm B

akcnepumeHTax Ha Cynep Yapm-Tay chabpuke.

02.12.14

OcHoBHast moTuBaLus

Ona noucka pacnapa Cc HapylweHuem
NEenTOHHOro 4ucna Ty Ha ypoBHe 107
TpebyeTca HagexHoe u/m pasgeneHve B
AvanasoHe ummnynbcoB 0.5 to 1.5 MNaB/c gns
nogaBneHusas ¢oHa oT pacnaga t—oan’v
(Br=0.25)

OcHoBHble napameTpbl PAPUY

doKycupyoLLmMin asporesieBbin pagmaTop,
n_.=1.07, 4 cnos

DOTOHHbLIVM AETEKTOP: KpeMHUEBLIM PIY TUNa
PDPC unu MPPC, ~3x3mMm2, war 4 mm

Mnowanb dpoToHHOro aeTekTopa: 20 M?
Mnowanb paguaTopa: 14 m?

~1 MUNNWOH KaHanoB

Cemunap @O HI'Y



UcnbiTaHnAa Ha nyuyke npotoTtuna ®APUY c
¢poTOoHHbLIM AeTeKkTOopom DPC:

CERN, June 2012

OcHOBHbIEe Uuenu:

\J(/ « [lpoaeMoHCTPUpOBATHL

—\ PaboTocnocoBGHOCTL (POTOHHbIX
AetekTopoB DPC B cocTaBe
aeTekTopa YepeHKOBCKUX Kornew,

« lNoaTBepanTb pekopaHble
napameTpbl POKyCcUpyroLiero
asporesneBoro paguaropa

e Sy
Z =
s ol
H'"Hv.-""

¢

[Toomomun 6b151 cOenaH 3a 2
mecsya!

PHILIPS
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PDPC ®APWUY npoToTun

on__ =1.046
O TonwmHa 37.5 mm
o ‘dokycHoe’ pacctosiHne 200 mm
o YT106bI NPEeaoTBPaTUTb KOHAEHCALUIO B/1aru asporesieBblin
| pagnaTop 6bi1 NOMeELLEH B repMeTUYECKNI 06bEM C OKHOM U3
OprcTekna .

o . DOTOHHbIN KOOPANHATHBIN AeTekTop 20x20 cm?

" v o Tun ceHcopa DPC3200-22

o 3200 mnKpo-nmKceneu B 0og4HOM NUKcene,
0 3x3 moayna = 6x6 Tanna = 24x24 matpuubl =
48x48 nuKkcenen
O 576 BpeMeHHbIX KaHana
o 2304 amnanTyaHbIX (KOOPANHATHbLIX) KaHaNoB
o Pasmep nukcena 3.2x3.9 mm?
o Ana paboTbl B 0o4HOPOTOHHOM MOAe AETEKTOP
oxnaxpaanca oo -40° C
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HabnopeHne YepeHKOBCKOro Konbua

s
e |

pixel y-index
=

i} h 15 20 25 30 3§ 40 45

pixel x-index
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Pe3ynbTaTbl U3BMEPEHUUN Ha NYYKeE:

naeHTudpmnKauma 4yacTuu,

o 16
P =1GeV/ P =4 GeV/ £ |}
= evic = ev/c = :
16000 — — — — g 14k ®- Experiment
Prab Prab a -
[ e 5 oot = ooz s0000 8 4081 0001 2 i i
14000 | ﬁ o sama eesen st e i -l MC simualtion
[ [ 8314 £ BT e,l.l.,ﬂ [=] ZiTE : 178 % 12
| =1 I6EQHIS + BE12OHIT Cc3 3775 1221 -
12000 f~ Cobg LSS L Ibe02 25000 f= cig 1068 1 3545
B A1 B2AT £ Do Ri 187 1000 -
[ Fitkg ET.45 & 002 Rbkg 7EN 2201 10
10000 = :: m i::-: a0 |- :; :n:; m:n [
3 st @ £ oo 3 208 1 0.0 :
S000 B oy Ba =00 Sthg 244 £ 1.28 8
[ 15000 f- i
a0 | sk
i 10000 |- i
w000 f -
| 000 !
2000 i . |
- P K oF
0 M 0 M . | J J |
40 63 70 73 30 40 30 40 70 &0 90 |
ring radius, mm ring radius, mm | | | | . .

3.5 4 4.5 h) 35 6
Momentum, GeV/c

B 2.3 nyue, yem SuperB FDIRC
B 1.4 nyywe, yem Belle Il ARICH
Ho B 2.6 pa3a Xxy»e, 4em B NepBOHa4Ya/IbHOM MOAENMPOBaHUN

w/m:530 @ 1 MaBlc
n/K:7.60 @ 4 [3B/c
nt /K:3.50 @ 6 [3B/c

AYu. Barnyakov, et al., Nuclear Instruments & Methods in Physics Research A (2013),
http://dx.doi.org/10.1016/j.nima.2013.07.068, Article in Press
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Pe3ynbTaTbl namepeHnn Ha ny4yke. BpeMeHHoe
pa3pewieHne n Yncno poToaNeKTPpoHOB

' Entrles 531184 20 Entries 2158095
sooon b Maan 0.01487 =k

F \ RS o0t 200 Mean  13.84

20000 E= Fall- 9.31e+03/73 C RMS 3.936
i Bkg 336 + 0.55 180 i
[ Const! 7T82e+04 + 1538402 B
60000 Meanl 000531 = 0.00007 160 F
r Sigmat 00481 + 0.0001 :
S0000 [ Const? 1.42e+03 + 164e+01 140§
[ Mean2 0.23 + 000 B
[ Sigmaz 0.186 + 0.001 120 B
40000 N
0
30000 sof
20000 O
[ 40
10000 | -
[ 200

ﬁ—f -0.8 06 04 -02 0 02 04 06 0.8 ! ﬁg 3 oI5 20 25 30 35 40 45 30
i N
Hit time w.r.t. fitted event time, ns Number of hits pe
O .row = 48NC ‘Npe y=12
PekopgHoe pa3speweHune gnsa KOy (c yueTom nepeKkpecHbIXx HABOAOK)

B 1.7 pa3a meHblUe, Yem B MoAe/IMPOBaHUMN
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IleTeKTOpbl YacTuL, C pEKOp.D,HbIM

BPeMEeHHbIM pas3p

« 3apava:

5000/ o e
3amepeHne npoaonbHOro : i
npodunga ny4vka sapsKeHHbIX 40007 L
YacTuul. 30001 -

«  OBGbIYHO ASIA 3TOro -
MCNONb3yeTCcsa NepexogHoe —
N3ny4veHune. 1000 1 ?

° I'Ipe|/||v|y|_|_|,ecTBo l-‘|epeHKOBCKOFO 86 062 064 066 0.68 0.7 6";;16/74

S
N3nyyYeHus: ’
e e en e
* bornee BbiIcOKag NHTEHCUBHOCTb
 HanpaBneHHOCTb h, mm
J.Bahr, A.Onuchin et.al., NIM A538(2005)597 RMS, nc 0.58 0.110 0.091 0.017
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3akno4vyeHue

L'|epeHKOBCKOe n3nyyvyeHume + adporesib =

MHOI'O MHTEPECHbBIX HAYHHbIX
NCCIIEAOBAHNIA !l

02.12.14 CemuHa p @O HI'Y



Additional slides
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DPC: WUHTerpupoBaHue uncppoBon oopadboTku
CUrHarioB ¢ MaTpuueun NaBUHHbIX

cpoToanonoB

AHanorosbiit KOJY (SiPM) - Lindpposoi KOy

Analog Silicon Photomultiplier Detector
Vbias

Readout ASIC -
%% % Discriminator [HTDCH Time B el
Shaper |—| | HADCl—-b- Energy >

SiPM

- Time

oo
» Choton |—b- Energy

® Tpe6yeTc51 OLI,M(I)pOBKa dHa/10roBbiX CUrHasioBs * MONHOCTbIO UHTErPUPOBAHHAA INEKTPOHMUKA

* Tpebyetca cneunannsmpoBaHHbin ASIC *  LWdpPOBbIE CUrHaNbI

* TpyAHO macwTabupyetcs * He HY)XeH CneuuanvavpoBaHHbIii ASIC

* MOJIHOCTbIO MaclITabupyeTcs

02.12.14 Cemunap @O HI'Y



Uepapxua getektopa DPC

Die 0 Die 1 Die 2 Die 3 Die 0 Die 1 Die 2 Die 3

'ﬁ_k\

‘ BIC
|§ seRrAs o]

SMOoJ 0§ f‘

Die 13 Die 14
PHILIPS
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Pa3paboTtka c¢okycupyrowmx

asporerneBbIX paanaTopoB

OdpekTbl paspyLiatoine oKyCcUpoBKY:

* Pa3HocTb mMexay nostydyeHHbiM U paCyHeTHbIM
nokKasartesieM npernomMmrieHnAa B CrioqAx.

* HekoHTponupyemble Bapuaumn MrAOTHOCTU
(MokasaTesnig npenomMsieHns) No TosLnHe

300

2500 1My | « Hauvatbl paboTbl Mo pa3paboTke TexXHOMormm

| | NONy4YeHWss C HenpepbiBHbIM  3aA4aHHbLIM
2000 | s | rpagMeHToM  MokasaTeneMm  MnpenoMieHus
™ (BecKoHEeYHOe YMCIOo CroeB)

1500 -
« [Ona wun3ydeHns odpdpeKkToB (POKYCUPOBKU

nraHnpyeTcs NCnonbL30BaThb NPOTOTUN
SAPNM C BbICOKUM KOOpAWHATHOM
pa3pelwleHrnem ans goToHOB

1000 -

500

[ [ S Y [
0 0 200 400 600 800 1000
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BTOPUYHbLIN NY4YOK 3N1EKTPOHOB

Ha BIlll1-4M

Converter

(gamma to electron) |

VEPP-AM C?

Calorimeter (Nal) E%_E?lr FARICH DC -4,5I—L
—— | P
L]

JEL] g
HTrigger DI Veto
counter

counters

Collimator

rototyP®
o 1&9‘. or o
E_.=1.35 GeV Entries 97064 /
= 1.

Mean 2328
RMS  353.3

10000

8000

e The coordinate system based on drift chambers.

6000 7 . » . . .
I e Trigger system on the basis of scintillation counters. Control FENER |:>

4000

= [lonesHaga 3arpyska ~100 'y npu E=3 2B

2000

= Ceyenune nyyka 50x15 mMm? (onpenensieTca paamepom TPUITEPHOro
cyeTymKa)

[ L oo, il N el
0) 500 1000 1500 2000 2500 3000 3500

Nal amplitude

02.12.14 . KOOP.D.VIHaTHQ%%?H%%%eﬁiA@ Tpeka 0.1--0.5 mm



PAPUNY c BbICOKMM KOOpAMHATHbLIM pa3peLueHnemM no
cboToHam

60 SIPMs CPTA 151, (1.28 MM, 92% MUKpPO-NMKCENEN B KarKAOM NMUKCENe
wym 1-2 MIM'u/Mm? npy KOMHaTHOWM bhoKupyeTcs, akTMBHAA NAOLAAb

=N 121 =200um ymeHbLuaeTca ¢ 3.2x3.9 mm? to 1x1 mm?,
=A/N12 =300um

Temneparype o

Gpixel
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As3porenb C HeENpPepbIBHbLIM

rpaaueHToOM

02.12.14

o

3aBUCMMOCTb NoKkasaTens
NpenomMreHna no TosnLuHe

[S.M. Jones “A method for producing gradient density

aerogel” J Sol-Gel Sci Technol. 44 (2007) 255]
[MogroTaBnuBaeTcs ABa pacTBopa C pasHbIM
cogepxaHuem TEOS

* C nomouwbio NnepucTansTUY4ECKNX HACOCOB CMECH
nogatoTca B 00beM rae nepemMeLLmBaloTCs

» Cwmecb c 3agaHHbIM cogepxaHnem TEOS npoHukaeT
Yyepes oMNbTP B KIOBETY A€ B AaNbHENLLEM refimpyeTcs.

« KioBeTa pacnonaraetcs Ha NOABMXHOM CTONeE.
[Mpon3BoaMTENBHOCTL HACOCOB N CKOPOCTb ABUXEHUS
cTona no BepTuKanu ynpaBndeTcs OT KOMMbTepa

I " . Index s X -
- B = p gt
12 & & e
- ++++*++
- H
oy G *+++ .

Thiksas of sergel blook, e



IJanbHeuwee pa3BuTUue

EcTb 3 OCHOBHbIX BKnaga B TOYHOCTb ®oKycupyowmn asporesb ¢
n3mepeHmns YepeHKoBCKOro yrmna: “e"PePb'THbIM rpagneHTom

2 — 2 2 2
0@ 0-chr + 0-geom + o-phot

= [lpegnoXeHHasa TeXHOOrns NPon3BoACcTBa
dooKkycupyoLLmnxX asporenen c
HenpepbIBHLIM rPaANEHTOM NO3BOMSIET

NOJTYHUTDb Ggeom << Oy

v

= Philips Digital Photon Counting paboTtaeTt
Haj creqyrollen Bepcnen ceHcopa ¢
BO3MOXHOCTbIO BbIBOa HOMepa MUKPO-
NUKCENSA, B KOTOPOM npom3soLuna
peructpauma potoHa, o, ~ 20 um << o

phot chr

POTOHHbLIU AETEKTOp C

= MoxHo nu caenaTtb AYK c 0'@2 ~ o'chr2 ?  perucrtpauuvei KOOpAWHATbI
cpaboTaBLIero MMKpo-nuUKcens
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CToMMOCTb nNpoekKTa

| Munnmonei espo

Yckoputenb 207.5
[eTtekTop 91.0

NHpacTpykTypa 100.0
NToro 398.5

NAD yxxe Bnoxun 37.5 mmnnnoHos EBPO B MHPPACTPYKTYpPY
N NHXEKLUMOHHbIA KOMMIEKC.
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IeTeKTop

OCHOBHble TpeboBaHUIO K OETEKTOPY:

e OyeHb O0onbLIOM NOTOK AAHHbIX:
+ e*e" — e*e =50 kHz
 ete — J/y =300 kHz
« e*e" — Y(2S) =50 kHz
* fpag =300-500 kHz (!)

 Bbicokoe paspelleHne anekTpo-
MarHMTHOro KanopumeTpa

* OyeHb xopoluas naeHTudunkaums

02.12.14 Cemunap @O HI'Y

1 — BeplUMHHBLIN AeTeKTop

2 — OpencoBasn kamepa

3 — FARICH

4 — INEeKTPO-MarHUTHbLIN KanopumeTp
5 —CBepxnpoBoasilmn coneHoma

6 — $lpMO C MIOOHHOM CUCTEMON



PacyeT napameTpoB nageHTUdmnKaumm yactuy

FARICH @ Cynep Yapm-Tay

MC mopgenupoBaHune: MPPC&4-
CITOMHbIN asporesnb

/K
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p, GeV/c
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— 0=45"
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- - == Focusing DIRC {H9500)
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T—> Uy atE . =4.2GeV
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[aHHbIN ypOBEHb UAEHTUPUKaLUn
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L3 2 2.5 3
p, GeVi/c

[dwvanasoH u/1r pasgenenusa Tpebyemblin
ang novcka T—uy.
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FARICH prototype Ne1

Distance from aerogel to photon detector could be changed from 30 to 700 mm.

2 special 16-channel amplifier-discriminator boards with LVDS output

64-channel multihit TDC CAEN V1190B

100x100x31 mm? 4-layer aerogel tile (focal distance 60 mm), n__ =1.05

\n‘ |
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MRS APD (SiIPM) Parameters

m Producer - Center of Perspective
Technology and Apparatus —
CPTA, Moscow
http://www.spta-apd.ru/

m  Genuine name - MRS APD
(other names: silicon
photomultiplier, PPD,MPPC...)

2.1x2.1 mm sensor

4x4 mm case size
PDE=40% @ 600 nm (?)
Gain ~4-10°

Time resolution ~100 ps

Dark counts ~5--10 MHz
(0.5pe threshold)
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Layer 1
Layer 2
Layer 3
Layer 4

02.12.14

Aerogel sample

1.050
1.041
1.035
1.030

Cemunap @O HI'Y

= 100x100x31 mm?
= Lsc(400nm)=43 mm
= N?=1+0.438*p



Photodetectors layout

209

199 18¢
174
_4‘0 Ll 1 | | Ll 1 | | L1 1 | | L1 1 | | L1 11 ‘ Ll 1 | | Ll 1 | | L1 1 |
-40  -30 -20 -10 0 10 20 30 40
X, mm

Electrons could pass at different distances from SiPM.
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Event selection (1-st prototype)

Channel #14 phase adjusted timing

Hits in SiPM #14

- Entries 63780
- 1 %2 1 ndf 113.7 /96
B p0 183.3+ 1.4
600~ p1 4636+ 147
| p2 24896+ 0.2
| p3 6.632+ 0.192
500
a00|-
00| co e gih
200 ]J—Wlﬂ‘h*ﬂdﬁ‘p'l:l‘ﬂ W :
[ “F |tt | < 30,
[+
NI BN SN RN N N N S RN AR :||||||||||||||||||||||||||||||||||||||
-2650 -2600 -2550 -2500 -2450 -2400 -2350 '2:520 i3 T/ -5 7] 5 10 15 20
timing, TDC LSB X,oy- MM

= We select events with |t-t , [<30,
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Cherenkov ring radius

measurement (2011)

Density of photoelectrons on radius for SiPM #14

£ 3n _
= i 'E i Entries 3239
- s o Prob 0.708
E T | Mpe 135+ 04
o 20 % - R 22+ 0.0
= 3 i SigmaR 1.12+ 0.03
= L = 9
- i % i Bkgr 0.0304 + 0.0009
i0 i
4 -
oLl
3
-0 i
¢t
- Boe,ety
Em = ol :“ ¢
_jﬂllllllllllllll !r].III|III|III|III|III|III|III|III|III|III|
=30 -2 -0 30 12 14 I 18 20 22 24 26 28 30 32
Xhi['Xtrack!' mm R! mim
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Conclusions from experiment

with prototype Ne1

detection IS needed
« Npe from particle is 2 times less than
Density of photoelectrons on radius for SiPM #14 in MC simultions
L Enires 25 oIt Is possible to work with SiPM noise
: R sy upto 2 MHz/mm? (single photon timing
o 00304 L0 0000 resolution <1 ns required)
« dN/dR distribution: "Pure Gaussian” +
flat background (from randome
coincedence with SIPM noise) at least in
+50 region
+ + * Grz = Gaerogelz +2 Gpixelzz + O-trac£<2 ==
: ++ +++ H' Gaerogel= Sqrt(or R 0pi><2el B 0-tracl§
b, et = sqrt(1.1%-2.14/12-0.5%)=0.8 mm
e .10 Invesigate parameters of focusing
R, mm aerogel tiles we need to improve
coordinate resolution of photon
02.12.14 detection.
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Single photon detection

efficiency measurements (CPTA)

CPTA 149-35 CPTA151-30
& CPTA data 2 45 -
’3 40 —— 8 40 ~
g § *
£ o5 / 8225 /
g=_| |/ gl |/
W o /
® wl S 8 15 @
o /e § 10 760 L
g BINP £
z 5‘ measurements -
8 01 T ! { ! 1 = 0'
400 500 600 700 800 400 500 600 700 800
ANMMHA BOSHBL nmM AV BOMHBL M
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Single photon detection

efficitency measurements (PDPC)

PIN-diod Hamamatsu S1336-8BQ |5
A I
Cooling box - & o0
Vel : ® experimental value
pulse @ L
generator pin-didde 40 — data from Philips
G amplifier

IL . | i
R [
* S‘Z I 0k

integration
=
W% olume H

diaphragm D P C 10 B

=470 nm

Ll | | | Ll \ 1 | | | | Ll ] | Ll ] | | Ll | | | L] ] | Ll |
300 400 500 600 700 800 900 1000
Wavelength,nm

PDE(470nm)=19%+1%
VS
36% PDPC measurement
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Pa3paboTka asporensa ana YepeHKOBCKUX
cyeTymnkoB B HoBocudbupcke

Aerogel development has
started in 1986 (KEDR
detector project)

More than 3000 liters have
been produced:

o 2000 liters — KEDR and SND
ASHIPH counters

o ~1m? LHCb RICH,
o ~2Mm? AMSO02 RICH

Lt

n =1.006 — 1.06 (1.13)
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Long term stability

A prototype Of the endcap
ASHIPH counter are under
operation since 2000. From
time to time it is tested in
Cosmic Ray Telescope
(CRT). Its sugnal degradation T

Number of photoelectrons

now has stabilized at the e
level of 60% from initial 5 N W W S W S
value. jx%df, fffffffffff o 1 2 OIfﬂ fffffffffffffffffffffffffffffffffffffffffffffffffffffff

Time, month
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Aerogel degradation due to water
adsorption(d

* Aerogel internal surface I1s 10° times greater _ ][
than external. Adsorption of water is very \ t

g —a—
e
—t——

fast process (1-10 hours).

« Degradation of the light absorption length is | s
very slow process (1-2 months) after water E e I
absorption. Hamidity 7%; Tamperatues 26°C

« The time and the level of the degradation W s W

Time, hours

are depend on the impurities in aerogel from
raw materials and production procedure (Fe,

Mn, Cr, etc.). 2
Concentration of metals in aerogel,
ppb -
Fe Cu Mn |Cr Ni o | :
5 O O 5 6 7 2 6 02 |® WL 280nm t=354+9; Const.Level=0.3:0.003

4 WL 320nm v=397+28; Const.Level=0.571=0.01
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| |
L] 500 1000 1500 2000 2500 3000
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Aerogel degradation due to water
adsorption(2)

« The refractive index (n-1) and light
scattering length depends on amount
of adsorbed water and are changed
less than 10% after water adsorption of
2-4% of aerogel mass.

 The light absorption length (L, In
different aerogel samples after baking
is the same, but after water 17
impregnation could be very different

* |t is possible to make aerogel selection
after water impregnation

« One atom Fe is able to attract 6
molecules of water

« To achieve maximum degradation of
L., it IS enough to adsorb 1lppm of
water.

(NIM A598 (2009) 166-168)

Low limit
w} o el _

Block 9 after baking

O Block 3 after baking

10 B Block 9 saturated with water

O Block 3 saturated with water

250 300 350 400 450 500 550
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History and status of the project

1990-2000 — several projects of Charm Tau factories under consideration with luminosity 1.0x1033 cm=2s~!, BINP project
with 1.0x 1034 cm=2s71,

2008 — Crab Waist collision scheme suggested => new luminosity frontier 1.0x 103> cm~2s-1
2009 — BEPCII Charm-Tau Factory has started its operation (luminosity 0.6 X 1033 cm=2s™1)
Autumn 2010 - Conceptual Design Report of Super Charm Tau Factory (SCTF) has been prepared at BINP

Summer 2011 - 6 projects have been selected for the Examination by Russian Ministry of Education and Science, SCTF
among them (Mega-Science projects)

Autumn 2011 — SCTF "Roadmap” was developed by a request of Ministry of Education and Science

January 2012 — 3 projects where selected for financing in 2013 as the 1-st stage, SCTF was at the 2-d stage list (but
financing has not started for all projects)

2012-2013 — continuation of the review procedure for all 6 projects

June 2013 — project of SCTF got the highest rating among 6 projects at EU-Russia meeting on research
Infrastructures

November 25, 2013 -- Minister of Education and Science D.Livanov has announced SCTF as one of the 4
megascience projects of the 1-st stage
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- FARICIri dciccoilul piroitlypyc widir
CPTA MRS APDs. BINP e- test

beam in 2011.

—S f ! .\‘._(fﬁ % !_ Bending magnet -
A ‘..-"g'. Trigger counter | ) \.“.__.}\ V i\ __.J, g Y . : :
~‘* ﬁ NN »l 32 CPTA MRS APDs with

active pixel size 2.1x2.1mm?

4-layer aerogel
focusing at 62 mm
n1=1,050 t1=6,2mm
n2=1,041 t2=7,0mm
n3=1,035 t3=7,7mm
n4=1,030 t4=9,7mm
Size: 100x100x31mm?3

L..(400nm) = 43mm
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Cherenkov ring radius

measurement(2)

E b Prob 0.07613 E -k 32 1 ndf 182/ 14
| Mean  1.0870.007489 o ,35:_ Mean  22.1+0.00781
1_2__ [
i ‘égl QOQ QQ ! ) .?3:—
B L ® i
: 223 —
: o (sim)=0.92mm - ® ®
0.8 ' L & ¢ > l—. e® o
i 22 eo® Y
!’).6_— 315 ‘
i r(sim)=21.5mm
0.4 21F
g_g:_ 20.5 :—
ﬁ._llllllllllIII|IIII|IIII|IIII :l‘f;.:llllllII|IIII|IIII|IIII|IIII
1M 15 20 25 30 - 10 15 20 25 30
channel channel

Difference between o, and o,(sim)
comes mainly from track resolution

— = —_ 0
(~0.5 mm) 22.1-215=0.6 mm—>2.7%

Position accuracy —> 1.7%

error in ., from dencuty —>
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Number of photoelectrons (4-layer)

Npe(sim)=27.3 Mean 12.93+ 0.09359

I8
I

i ® ®
4 @ 0

i —
121

: o o0 o
e
51_
ﬁ_
‘4_

2_
!-].-II||||||||||||||||||||||||||
1 15 20 25 30

channel
02.12.14

Discrepancy between Npe in
simulation and experiment could

be explained by:

. real detection efficiency of G-APDs is
smaller than in data book

. electronics miscount
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Test beam line

\
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Test beam apparatus

FARICH prototype
(electronics)

er ettt

N

i

e e
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DPC: Front-end Digitization
by Integration of SPAD & CMOS Electronics

7
ana|og SiPM Digital Photon Counter (DPC)

~_ TDCand

photon counter

Digital Cells \

Digital output of
* Number of photons
* Time-stamp

&

(Ta=25 °C, M=7.5 x 10%)

Number of photons
O o NV & WN -

—
o

Time
www.hamamatsu.com

¢

Summing all cell outputs leads
W < . is the key element to superior

Integrated readout electronics

to an analog output signal and i :
& limited performance etector performance

N J
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-~ vupgraaed FbrC-FrAxRICH
prototype at BINP e- test beam In
2013

T ?ﬂlji‘:ﬁl il

feth
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Long term stability

5
g e INg e e B 17 counters were non operational due to drops
5 of magnetic field. All barrel counters had
& S b~ . T efficiency worse than expected.
e ——— A T I S .
;@
e e e | ATC efficiency in KEDR (BhaBha events)
>
4 P e e e e S lmm e oio o HITR
2 r - QH;’ L "
T S e e T T - " éﬂi .
| 0.8~ RIS R
X2/ ndf 3941 / 20 - ¥ P ]
I /[ — ees - i ‘I .
P2 ) B ¢ !
R T e e el ! }
0 (‘)“‘2‘0“‘4‘0“‘6‘0“‘8‘0‘“1(‘)0 1£0‘ 0,4_— + ® 2004
- 2010
Time, month L
Prototype endcap ASHIPH counter are .,
under operation since 2000. From time to -
time it is tested in Cosmic Ray Telescope i
(CRT) and its signal degradation NOW IS ghomsislmmm liasdom o Lot malis )i Lon
stabilized at the level of 60% from initial Number of counter

value.
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Reasons of degrac

calinters

Entries
Mecin
RMS

10

Magnetic field:

QE of PMT 0-50%. In average 15%

] Tilt PMTs in endcap 4-6° (up to 20%)

Broken optical contacts 0-54%. In average 9.5%

J Tilt PMTs in barrel 15-17° (up to 30%)

4 = n‘fies ‘80
§ 22,5 I\E/Ieten 0.8213
©) RMS 0.1086
‘ | | = 20
z 5
3175
<
Z 15 |
0 ] | ! L L | I I 1 1 1 1 | 1 1 1 |
o o2 0.4 0.5 o.8 1
Oelto AER 125 7
- 10 |
All counters of the 1st layer were inspected for the
reasons of degradation, repaired and upgraded :
during the stop of the KEDR experiment in 2011- °|
2013 25 |
0 | ‘0.2‘ | 0.4 0.6 0.8 1 ‘1.2‘ |
QEAFTER / QEBEFORE
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